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THE  PEODUCTIOIs'  OF  SAKCOSPOEIDIOSIS  IX  THE 

MOUSE  BY  FEEDING  INFECTED  MUSCULAE 

TISSUE. 

By  THEOBALD  SMITH,   M.  D., 
Oeorge  Fabtjan  Professor  of  Comparative  Faiholoijij,  Ilarinird  VnivcrsUij. 

Plates  I-IV. 

Since  the  discovery  of  sporozoan  parasites  belonging  to  the  order 
now  known  as  Sarcosporidia  in  the  muscle  fibres  of  the  house  mouse 
by  Miescher  in  1843,  many  other  mammals  and  not  a  few  birds  have 
been  found  to  harbor  them.  Some  species,  like  the  one  described  by 
Miescher,  are  quite  conspicuous  to  the  naked  eye  in  the  ultimate 
stage  of  development.  Certain  others,  including  those  of  swine,  are 
microscopic.  Those  of  cattle  rnay  be  seen  as  barely  visible,  whitish 
specks  when  sitTiated  beneath  the  endocardiiun.  Some  of  the  species 
found  in  birds  are  fairly  conspicuous  as  shown  by  the  dimensions 
given  by  Stiles.' 

The  record  of  sarcosporidiosis  in  man  is  meagre  and  in  part  iin- 
certain  in  value.  Only  two  cases — one  described  by  Kartulis "  and 
one  by  Baraban  and  Saint-Eemy ' — seem  to  be  genuine.  In  tliose  of 
Lindemann  *  and  Eosenberg  °  the  diagnosis  must  remain  doubtful. 
The  case  of  Kartulis  was  that  of  a  Sudanese.  An  abscess  had  formed 
in  the  liver  and  had  extended  to  the  abdominal  wall.  The  sarcospo- 
ridia cysts  were  found  in  considerable  niimbers  both  in  the  liver  and 

'  On  the  presence  of  Sarcosporidia  in  birds.  Bulletin  No.  3,  p.  79,  Bureau  of  Animal 
Industry,  Washington,  1893. 

°  Zeitschr.  f.  Hygiene,  189.S,  xiii,  p.  1. 

^  Bibliographie  anatomique,  W.)i,  \).  7^  ;  Comptes  rend.  Soc.  de  biol.,  1894,  10.  s.,  1, 
p.  201. 

^From  the  Russian  in  Deutsche  Zeitschr.  f.  Staatsarzneikunde,  1868,  n.  F.,  xxvi, 
p.  326. 

6  Zeitschr.  f.  Hygiene,  1 892,  xi,  p.  43.5. 
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the  muscular  tissue  forming  the  periphery  of  the  abscess.'  Bai-aban 
and  Saint-Kemy  found  genuine  sarcosporidia  cysts  in  the  muscular 
fibres  of  the  rocal  cords  of  an  executed  criminal.  The  cysts,  from 
.077  mm.  to  .168  mm.  in  diameter,  were  chambered  and  each  chamber 
was  filled  with  falciform  bodies  or  sporozoites.  These  two  cases 
indicate  that  some  one  or  more  of  the  muscle  parasites  of  the  lower 
animals  may  reach  maturity  in  the  human  subject. 

This  brief  epitome  of  sarcosporidiosis  in  man  leaves  to  this  subject 
but  little  that  is  of  immediate  practical  importance  to  hiunan  pathol- 
ogy. It  should  not  be  forgotten,  however,  that  the  muscular  system 
in  man  is  not  subjected  to  that  scrutiny  which  the  viscera  undergo  in 
pathological  enquiries  and  that  Sarcosporidia  may  be  present  and 
yet  not  be  recognized.  As  in  trichinosis,  the  invasion  may  be  over- 
looked or  the  attending  symptoms  misinterpreted  and  the  subsequent 
quiescent  stage  fail  to  arouse  any  attention.  The  fact  that  the 
etiology  of  acute  primary  polymyositis  is  still  imsettled  should  lead 
to  more  careful  examination  of  the  muscular  system  as  a  part  of 
routine  pathological  work.  It  is  not  improbable  that  invasion  of  the 
muscular  system  by  aberrant  parasites  may  take  place  now  and  then. 
Such  parasites  being  in  the  wrong  host  may  fail  to  develop  and  hence 
elude  detection,  while  the  products  resulting  from  their  disintegration 
may  lead  to  inflammatory  reaction. 

The  supposition  that  Sarcosporidia  are  transmitted, by  way  of  the 
digestive  tract  has  been  a  favorite  hypothesis  of  investigators  and  has 
been  frequently  tested  by  feeding  infected  miLScle.  Xo  positive  re- 
sults have  been  reported.  The  failures  were,  no  doubt,  in  part  at 
least,  due  to  the  method  of  experimentation.  The  endeavor  to  trans- 
mit Sarcosporidia  of  sheep  by  injecting  them  into  wliite  mice  and 
guinea-pigs  as  was  done  by  Kasparek,'  or  by  the  eating  of  raw  meat  by 
human  beings  as  was  done  by  Moule,'  seems  at  best  abortive,  since 

«  Max  BrauD  in  reviewing  this  case  did  not  liesitatc  to  regard  tlic  diairnosis  of  Sar- 
cosporidiosis as  extremely  doubtful,  but  he  subsequently  fully  agreed  with  Kartulis 
after  having  examined  the  latter's  preparations  ('Vn/ra(6/. /.  liakteriol . ,  ISil"),  xviil, 
p.  13). 

'  CenlnMl.f.  flakier.,  189.5,  xviii,  p.  827. 

'Des  sarcosporidies  et  de  leur  frfquence,  prlncipalemeut  cliez  Ics  animaux  dc 
boucherie.     Paris,  iss". 
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these  parasites  are  liiglily  specialized  forms.  It  is  a  priori  Dot  im- 
probable that  the  same  s^jecies  of  Sarcosporidia  may  infect  several 
hosts  possessing  certain,  to  its  nnkno\vn,  relationsliips,  but  to  g-ain 
an  insight  into  the  life  history  of  snch  forms  the  problem  first  to  be 
solved  is  to  determine  the  mode  of  transmission  in  the  same  species 
in  which  they  naturally  occur. 

The  negative  results  of  recorded  transmission  experiments,  to 
which  we  may  safely  add  many  unpublished  ones,  induced  me  to  make 
an  effort  to  fill  at  least  a  portion  of  the  existing  gap  when,  in  1898,  I 
found  a  large  proportion  of  gray  mice  which  had  been  kept  in  a 
large  wooden  cage  for  over  a  year  infected  with  Sarcosporidia.  The 
large  number  of  infections  suggested  that  transmission  occurred 
directly  and  not  through  an  intermediate  host.  The  occasional  dis- 
covery of  dead  mice  in  this  cage,  of  which  parts  had  been  consumed, 
as  well  as  the  not  infrequent  mutilation  of  the  tails  and  scrota  of 
liWng  mice,  led  to  the  hypothesis  referred  to  above  that  the  infection 
takes  place  through  the  digestive  tract  in  a  manner  analogous  to  the 
transmission  of  Trichina.  Though  the  experiments  needed  to  dem- 
onstrate the  truth  or  falsity  of  this  hypothesis  seemed  at  first  simple 
and  easily  executed,  yet  in  the  course  of  carrying  them  out  a  number 
of  factors  appeared  which  had  to  be  taken  into  account.  The  length 
of  time  consumed  by  each  feeding  experiment,  about  3  months,  per- 
mitted the  introduction  of  the  new  control  factors  only  slowly,  so 
that  these  tests  have  extended  over  a  period  of  more  than  2  years. 

In  order  to  present  the  more  important  facts  of  these  investigations 
in  an  intelligible  manner,  I  shall  first  relate  the  life  history  of  the 
muscle  parasite  as  interpreted  by  the  results  obtained.  I  shall  then 
give  such  details  of  the  actual  experiments  as  may  be  necessary  to 
enable  others  to  estimate  their  relative  value  in  establishing  the 
results  claimed  and  to  repeat  them  if  thought  desirable. 

Saecocystis  mteis  (E.  Blanchard)  Labbe.* 
{Miesclieria  muris,  E.  Blanchard,  1885.) 
The  parasite,  as  a  rule,  is  noticed  only  in  its  matured  state  when  it 
becomes  visible  to  the  naked  eye.     It  seems  to  be  pretty  widely  dis- 

9/>.<s  Tieneieh.  Sporozoa,  p.  119.      Berlin,  1899. 
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semmated  and  infected  mice  are  encountered  at  intervals  in  most 
laboratories  where  mice  are  kept,  to  judge  from  verbal  accounts  of 
such  discoveries  in  this  country.  The  frequency  with  which  they  are 
found  in  rooms  whither  mice  are  drawn  by  ample  food  supply  and 
where  they  breed  is  discussed  in  a  subsequent  section  of  this  paper. 

A  mouse  whose  muscular  system  contains  matured  parasites  pre- 
sents a  very  striking  appearance.  If  tlie  skin  be  removed  all  the 
skeletal  muscles  ■«'ill  be  seen  to  contain  streaks  of  a  whitish  color. 
These  may  be  so  numerous  as  to  leave  but  little  of  the  nonual  red 
color  of  the  muscle  or  they  may  be  quite  scarce  (Plate  r\^,  Fig.  7). 
Even  the  muscles  of  the  head  and  the  diaphragm  ai'e  invaded.  I  have 
found  them  in  sections  of  the  eye  muscles.  The  heart  muscle,  how- 
ever, remains  free.  These  linear  streaks  run  parallel  to  the  muscle 
fibres.  In  case  of  superimposed  translucent  layers  whose  fibres  run  in 
different  directions,  as  in  the  abdominal  muscles,  the  streaks  are  seen 
crossing  one  another  at  different  angles.  They  vary  more  or  less  in 
length,  the  oldest  and  largest  being  from  1  to  1.5  cm.  long  and  about 
.25  mm.  broad.  The  more  isolated  ones  are  of  greater  width  than 
those  crowded  together.'" 

If  a  piece  of  fresh  muscle  be  teased  in  some  indifferent  fluid  and 
examined  under  a  low  power  the  whitish  streaks  resolve  themselves 
into  opaque,  thin-walled  tubes,  densely  packed  with  crcscentic  bodies, 
the  so-called  sporozoites."  The  outer  wall  of  such  a  tube  is  very 
thin,  smooth,  and  without  any  external  appendages.  It  is  usually 
encased  by  a  narrow  rim  of  muscle  fibrillje,  the  remains  of  the  invaded 
fibre.  Within  this  parasitic  tube,  among  the  sporozoites,  a  faint  net- 
work of  lines  is  discernible  which  forms  flattened  meshes  whose  long 
axes  are  at  right  angles  to  that  of  the  parasite  itself.     These  are 

■"According  to  investigations  made  by  Mrs.  Gage  (.The  ^ficrotcope,  188H,  riii,  p.  835) 
some  of  the  fibres  in  the  shorter  muscles  of  the  mouse  extend  from  tendon  to  tendon. 
In  the  longer  muscles  they  are  as  a  rule  shorter  than  the  muscle  itself.  Exact  meas- 
urements of  isolated  fibres  showed  a  variation  in  length  of  from  5  mm.  in  the  short 
muscles  to  'i'i  mm.  in  the  longest  muscles.  I  have  not  made  any  measurements  upon 
isolated  infected  fibres,  but  all  observations  point  to  the  inference  that  the  parasite 
eventually  occupies  the  entire  length  of  the  muscle  fibre  in  which  it  happens  to  lodge. 

■<  The  terminology  used  in  this  article  is  that  suggested  by  Schaudinn  (see  Liibe'B 
review  in  Cenlralbl.  f.  Bakl.,  1900,  xxvii,  p.  XG~). 
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optical  sections  of  partitions  which  di'^ade  the  entire  parasite  into 
chambers  which  enclose  the  sporozoites  (Plate  I,  Fig.  1).  When 
the  parasite  is  torn  by  teasing,  the  latter  escape  and  are  found 
isolated  (Plate  III,  Fig.  5).  In  outline  they  are  crescentic  and 
resemble  bananas.  The  body  in  the  middle  is  .004  mm.  thick  and 
measures  in  a  straight  line  from  end  to  end  .012  mm.  A  modicum 
of  fine  granules  is  recogTiizable  but  nothing  more. 

When  these  sporozoites,  suspended  in  normal  salt  solution,  are 
warmed  to  35°  or  37°  C.  they  exhibit  peculiar  movements.  These 
are  better  observed  in  slide  cells  with  convex  bottom  than  in  the 
hanging  drop.  By  melting  down  the  corners  of  square  cover-glasses, 
as  recommended  by  Siedlecki,  good  cells  may  be  impro\-ised  with 
ordinary  slides.  The  cells  must  be  sealed  with  vaseline  to  prevent 
the  concentration  of  the  salt  solution.  The  observations  are  most 
satisfactorily  made  with  the  aid  of  a  ISTuttall  thermostat  into  which 
the  entire  microscope  is  placed. 

It  will  be  noticed  as  the  temperature  rises  that  these  bodies  have 
become  more  homogeneous  and  somewhat  refractive  and  that  their 
form  has  become  slightly  altered.  They  are  now  more  curved  and 
somewhat  more  slender.  At  34°  to  36°  C.  they  begin  to  move  in  a 
gliding  manner  on  a  circumference  corresponding  to  their  own  curva- 
ture for  from  1^  to  2  revolutions.  Then  they  suddenly  flop  over, 
/.  e.,  revolve  on  their  long  axis  ^  to  ^  Si  revolution.  After  from  15  to 
30  seconds  of  rest  they  pass  through  the  same  motions  anew.  Fla- 
gella  were  not  observed.  These  movements  may  be  observed  for 
several  hours.  During  the  second  hour  they  grew  less  aiid  less  vig- 
orous, and  finally  only  a  few  remained  active.  They  are  dependent 
on  warmth,  ceasing  when  tlie  slide  is  removed  from  the  thermostat 
or  allowed  to  cool,  and  beginning  again  when  it  is  warmed.  I  have 
seen  a  few  move  in  midsummer  at  a  temperature  of  29.5°  C.  In  the 
only  experiment  made  to  test  the  vitality  of  the  sporozoites  after  the 
death  of  the  host  they  retained  their  power  to  move  for  at  least  4 
days,  the  mouse  tissues  being  kept  in  the  refrigerator  in  the  mean- 
time and  examined  from  day  to  day."     These  observations  lead  to 

'2  In  some  notes  made  in  1S90  when  this  parasite  came  under  my  observation  in  a 
single  case  (Washington,   D.  C.)  the  same  peculiar   movements  are  recorded.      The 
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the  inference  that  the  sporozoites,  owing  to  their  perishable  nature, 
must  enter  another  host,  presumably  wavm-blooded.  The  move- 
ments simulate  a  boriup-  or  screw-like  actidii,  which  may  come  into 
play  when  they  penetrate  the  mucosa. 

When  muscular  tissue  containing  the  matured  sporozoites  was  fed 
to  mice,  no  evidence  of  any  invasion  of  the  muscle  fibres  was  obtained 
imtil  approximately  the  45th  day,  when  the  smallest  parasites  were 
first  detected.  The  youngest  parasite  which  I  have  recognized  in 
fresh  tissue  was  a  fusiform  body  .152  mm.  long  aiid  .02  mm.  broad 
(Plate  IV,  Fig.  8).  This  stage  consists  of  a  delicate,  structureless 
membrane  whose  contents,  in  the  fresh  condition,  are  hyaline  and 
practically  invisible.  A  moderate  number  of  minute,  scattering, 
refringent  granules  appear  in  its  substance,  which  are  of  substantial 
aid  in  finding  it.  In  somewhat  later  stages  when  the  parasite  has 
grown  much  longer,  its  substance  is  foimd  divided  into  a  number  of 
broadly  fusiform  bodies  whose  long  axes  are  neai-ly  parallel  to  that 
of  the  mother  tube  (Plate  IT,  Pig.  4).  In  this  stage  the  parasite 
readily  slips  out  of  the  muscular  fibre  in  which  it  is  lodged,  when  the 
fresh  tissue  is  teased.  It  suggests  a  tube  densely  packed  with  small 
fish.  These  pi-imary  divisions  of  the  parasite  are  .012  mm.  long  and 
.004  mm.  broad  in  the  middle.  Each  is  provided  ■with  a  spherical 
highly  refringent  granule  .001  mm.  in  diameter  blackening  slowly 
in  osmic  acid.  It  is  contained  in  a  minute  vesicle.  Beyond  this  the 
fusiform  bodies  reveal  no  structural  details.  Individuals  are  now 
and  then  found  in  which  the  division,  completed  in  some  parts,  lags 
behind  in  others.  The  bluntly  roimded  ends  of  the  parasite  are 
usually  behind  the  rest  of  the  body  m  this  respect. 

This  primary  stage  of  the  fusiform  bodies  is  followed  by  another, 
seen  first  in  the  central  portion  of  the  tube.  Here  the  parasite  be- 
comes broader  and  more  opaque  owing  to  the  presence  of  closely 
packed  crcscentic  or  kidney-sliaped  bodies  ( Plate  IV,  Fig.  11). 
Just  what  change  takes  place  in  the  fusifonn  bodies  which  leads  to 
the  crescents  I  am  unable  to  state.     Certain  appearances  suggested  a 

sporozoites  of  the  Sarcosporidiiim  of  slicep  are  dcscrilied  by  L.  Pfeitl'cr  {Oiv  rrolmoen 
als  KrankhcllHerref/cr,  p.  133.  Jena,  ISlll)  as  becoming  amu-'boid  wlien  warmed  in 
human  saliva. 
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longitudinal  cdearage  of  the  former.  One  jjarasite  in  this  transitional 
stage  I  was  fortunate  enough  to  obtain,  by  teasing,  completely  freed 
from  its  encasing  fibre.     It  was  about  i  mm.  long  and  .026  mm.  broad. 

In  about  70  days  after  feeding  the  parasites  enter  the  stage  of 
spore  and  sporozoite  formation.  The  substance  of  the  parasite  is  now 
foimd  to  be  made  up  of  relatively  large  roundish  or  polyhedral  masses 
of  a  finely  granular  appearance  which  are  in  close  apposition  with  one 
another  and  .014  mm.  to  .016  mm.  in  diameter  (Plate  TV,  Fig. 
12).  These  sporoblasts  soon  break  up  into  the  final  sporozoites,  the 
exact  number  of  which  I  have  not  been  able  to  determine.  Probably 
eight  are  formed  from  each  sporoblast.  The  continuous  growth  and 
breaking  up  of  the  sporoblasts  causes  enough  internal  pressure  to 
force  the  sporoeysts  to  assume  a  flattened  outline  within  the  f)arent 
tube,  with  their  long  diameter  at  right  angles  to  that  of  the  latter. 
The  whole  suggests  the  appearance  presented  by  dried  figs  in  their 
original  package.  The  stage  of  the  unsegmented  sporoblast  I  have 
rarely  seen,  and  I  think  it  is  of  short  duration,  the  sporocyst  follo^\-ing 
closely  upon  this  stage.  Karely  sporoblasts  and  sporoeysts  are  found 
in  different  sections  of  the  same  individual  at  the  same  time.  As 
stated  above,  the  ripe  sporozoites  readily  escape  from  the  parasitic 
tube  when  fresh  tissue  is  teased.  A  similar  escape  is  not  observed, 
however,  in  any  of  the  preceding  stages.  Neither  the  fusiform  nor 
the  succeeding  crescentic  bodies  leave  the  parent  tube  when  the  latter 
is  torn  unless  decomposition  has  set  in  or  a  one  per  cent  solution  of 
acetic  acid  be  added. 

The  account  given  above  implies  that  the  partitions  within  the 
Sarcosporidium  are  not  ingrowths  from  the  external  wall  as  is  fre- 
quently claimed,  but  that  they  are  simply  the  walls  of  the  sporoeysts 
in  close  apposition  Avith  one  another.  I  have  seen  nothing  in  my 
observations  that  would  lead  me  to  accept  any  other  view  with  refer- 
ence to  the  species  imder  consideration. 

Sarcocystts  miiris  thus  ripens  within  the  muscular  tissue  in  2i  to  3 
months  after  the  date  of  feeding.  Ingestion  of  infected  muscle  at  this 
final  stage  by  another  mouse  is  followed  by  a  similar  infection  of  the 
muscular  svstem. 
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It  was  not  my  purpose  at  this  time  to  enter  into  any  study  of  the 
morphological  details  of  the  various  stages  in  the  intra-muscular  life 
of  this  Sporozoon.  It  seemed,  however,  desirable  to  confirm  the  obser- 
vations made  with  fresh  tissues  upon  such  as  were  fixed  and  hardened 
and  stained  according  to  current  methods.  In  doing  this  the  following 
plan  was  adopted: 

Muscular  tissue  from  chloroformed  mice  was  fixed  for  24  hours  in 
Zenker's  fluid  and  then,  after  thorough  washing,  was  hardened  in 
ascending  strengths  of  alcohol.  The  tissues  were  embedded  in  paraffin 
after  passing  through  cedar  oil  and  cut  in  ribbons.  Various  stains 
were  employed,  such  as  the  various  hsematoxylin  preparations  with  or 
without  eosin  and  picro-acid-fuchsin;  also  eosin  and  Unna"s  polychrome 
methylene  blue,  and  Heidenhain's  iron  hsematoxylin.  The  best  stain 
I  found  to  be  hfematate  of  ammonia,  which  I  had  prepared  myself  and 
which  stained  rather  slowly  and  chiefly  nuclear  matter. 

In  the  earliest  intra-muscular  stages  of  the  parasite  seen,  a  multiple 
division  of  the  nucleus  w'as  already  under  way  (Plate  I,  Fig.  2,  and 
Plate  II,  Fig.  3).  The  entire  substance  was  mapped  out  into  a  large 
nimiber  of  areas  having  certain  definite  characters.  Each  area  consisted 
of  a  rather  dense  nuclear  body,  .002  mm.  in  diameter,  and  with  faintly 
lobulated  periphery  occupying  a  clear  space  2  to  3  times  its  diameter. 
Within  this  space  and  a  somewhat  variable  distance  from  the  nucleus 
was  another  body,  perfectly  spherical,  about  .0005  mm.  in  diameter  and 
staining  compactly  with  chromatin  dyes.  The  significance  of  this 
minute  satellite  accompanj'ing  each  nucleus  must  be  left  to  future 
cytological  studies."  All  that  I  can  state  now  is  its  unvarying  presence 
in  this  early  stage.  It  has  not  been  described  by  Bertram,"  who  has 
studied  the  early  stages  of  other  species  of  Sarcosporidia. 

A  division  into  separate  individuals  or  cells  was  not  noticed  in  the 
earliest  stages.  Somewhat  later  fusiform  bodies  appear  in  outline,  each 
of  which  contains  the  nucleus  and  the  micro-nucleus  or  karyosome 
above  mentioned.     The  latter,  however,  soon  disappears. 

Beyond  this  the  study  of  stained  sections  has  not  thus  far  contributed 
anything  material  to  the  facts  brought  out  by  the  study  of  fresh  tissue. 
Xo  clue  concerning  the  suspected  division  of  Uic  fiisiform  bodies  before 
they  enlarge  into  the  sporoblasts  was  obtained.  Xor  did  the  examina- 
tion of  sections  from  a  number  of  cases  reveal  tlic  processes  in  the 

•:'For  similar  bodies  In  the  developmsnt  of  trypanosomes  of  iiray  rats  see  Kabliid- 
witscli  and  Kempner,  Zeilneki:  f.  Ifi/i/leiie,  t8!)9,  xxx,  p.  351. 
^> /.nolo;/.  Jahrh.,  Ahtlicilitnfi  f.  Anat.  it.  Ont.,  v. 
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sporoblasts  which  end  in  the  breaking  up  of  these  into  sporozoites. 
Evidently  these  changes  go  on  very  rapidly  and  are  encountered  only 
through  lucky  accidents  rather  than  carefully  planned  and  executed 
experiments. 

This  fragmentary  statement  of  what  seem  to  be  the  stages  leading 
to  the  formation  of  the  sporozoites  has  heen  introduced  simply  as  a 
stimulus  to  a  more  thorough  study  of  this  parasite,  which  feeding 
experiments  enable  us  now  to  obtain  in  any  desired  amount.'  The 
statements  of  other  observers  point  to  a  similar  complex  development 
of  other  members  of  this  genus.  Thus  Bertram,"  in  a  study  of  the 
Sarcosporidia  of  sheep  speaks  of  the  earliest  divisions  or  cells  as 
mother-sporoblasts,  implying  thereby  a  further  division  before  the 
stage  of  sporoblast  is  reached.  L.  Pf eiffer  "  thinks  that  there  may  be 
crescentic  bodies  of  the  second,  third,  etc.,  generation. 

EXPEEIilEXTAL    DATA    AXD    EESCLTS. 

Since  the  experiments  whose  results  I  have  briefly  given  are  the 
first  in  which  feeding  has  been  successful,  it  is  necessary  to  go  some- 
what into  detail  concerning  the  experiments  themselves  in  order  to 
point  out  the  difficulties  and  limitations  inherent  in  work  of  this  kind 
to  which  bacteriological  methods  are  inapplicable.  The  details  which 
require  special  attention  are:  (1)  the  source  of  the  animals  used;  (2) 
the  food;  (3)  the  association  of  the  animals  with  one  another  in  con- 
finement; (-i)  the  ecto-parasites  of  mice;  and  (5)  the  method  of  feed- 
ing the  infected  material. 

1.  The  common  gray  hotise  mouse  was  used  almost  exclusively. 
A  few  white  mice  and  crosses  were  included  and  the  results  indicated 
equal  capacity  for  infection.  Since  it  is  impossible  to  tell,  without 
removing  bits  of  muscular  tissue  by  a  surgical  operation,  whether 
any  mouse  is  infected  spontaneously,  even  a  severe  infection  being 
compatible  for  many  months  with  a  sleek  appearance  and  the  usual 
vivacity,  control  observations  were  made  tipon  mice  during  the  whole 
period  of  the  investigation.     The  surgical  operation  referred  to  was 

'^  Loc.  cit. 

'^  Die  Protozoen  ah  Kiankheiturreger,  p.  11 H.      Jena,  1891. 
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considered  inapplicable  in  the  case  of  sucli  small  animals,  not  to 
mention  the  chances  for  missing  slight  infections.  The  chief  source 
of  the  mice  was  a  room  where  the  small  laboratory  animals  were  kept. 
Mice  caught  in  this  room  as  well  as  elsewhere  were  examined  micro- 
scopically. Portions  of  muscular  tissue  were  teased  fresh  in  normal 
salt  solution  and  carefully  scrutinized  with  the  16  mm.  and  4  mm. 
objectives  for  those  earlier  stages  which  are  not  visible  to  the  naked 
eye.  155  control  mice,  of  which  120  were  from  the  animal  room 
above  referred  to,  were  examined  in  this  way.  Of  the  35  from  out- 
side sources,  one  was  found  infected.  Of  the  120  from  the  animal 
room  examined  over  a  period  of  3  years,  8,  or  about  G|^,  were  found 
infected.  This  rather  high  rate  of  infection  is  probably  due  to  the 
fact  that  before  attention  had  been  directed,  in  the  spring  of  1898,  to 
the  infected  cage  a  mouse  may  liave  occasionally  escaped  from  it  and 
carried  the  infection  into  the  hiding  places.  A  tabulation  of  all  the 
facts  bearing  upon  these  control  mice  showed  that  there  was,  during 
the  winter  months  of  both  1900  and  1901,  a  slight  wave  of  infection, 
which,  judging  from  the  age  of  the  Sarcosporidia,  started  near  the 
beginning  of  December.  It  was  almost  wholly  confined  to  the  large 
adults,  male  and  female,  and  was  most  probably  due  to  some  old  mouse 
killed  and  pai'tly  consumed  by  othei"s. 

2.  The  association  of  mice  in  cuufinemcnt  may  lead  to  general 
infection  if  a  spontaneously  diseased  mouse  should  die  in  the  cage. 
In  order  to  eliminate  this  source  of  eiTor  the  mice  were  either  trans- 
ferred directly  to  glass  jars,  one  or  two  in  a  jar,  or  else  when  they  were 
stored  in  cages  in  larger  numbers,  any  that  died  or  were  remoA'ed  for 
otlier  purposes  were  carefully  examined. 

3.  The  food  of  the  mice  was  at  fii-st  bread  and  oats,  later  oats 
almost  exclusively.  The  possibility  that  the  oats  might  be  contami- 
nated led  to  steaming  them  before  use.  The  general  outcome  of  the 
experiments  does  not  favor  the  hypothesis  that  infection  may  occur 
in  tills  way.  The  bedding  for  the  jars  was  carefully  selected  from 
hay  and  straw,  and  in  tlie  later  oxjierinionts  was  st<>rilizcd  dry  as  a 
final  precaution. 

4.  The   nc^^ativc  unti-(inic>   of  tb(>  fo(>ding  expcrinionts  of  former 
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observers  taken  together  with  the  somewhat  unexpected  results  of 
investigations  upon  other  Protozoa  which  demonstrated  that  arachnids 
are  the  transmitters  of  bovine  malaria  (Texas  fever),  mosqiiitoes  of 
human  malaria,  that  flagellates  in  the  blood  of  rats  are  transmitted 
by  fleas,  in  the  blood  of  larger  animals  by  a  fly  {Glossina  morsitans), 
made  it  necessary  to  examine  any  possible  relationship  between  sar- 
cosporidiosis  in  mice  and  certain  ecti>parasites  which  infest  them. 
There  is,  however,  no  close  analogy  between  the  transmission  of 
microorganisms  circulating  freely  in  the  peripheral  capillaries  and 
such  parasites  as  are  situated  more  deeply  and  securely  in  the  muscle 
fibres.  The  ecto-parasites  of  the  mice  which  came  under  my  observa- 
tion were  two  species  of  mites,  Myobia  musculus  and  Myocoptes 
muscuUnus.  They  were  either  found  on  different  animals  at  differ- 
ent times  or  else  associated  together  on  the  same  individuals.  In 
order  to  bring  them  into  view,  the  skin  of  the  chloroformed  mouse  was 
left  from  a  few  to  24  houre  under  a  bell-glass.  Any  mites  would 
then  appear  on  the  hairs,  usually  near  the  tips.  Myocoptes  was  first 
encountered  as  a  delicate  woolly  scab  around  the  base  of  the  ears. 
In  this  colonies  of  eggs  and  immature  young  were  found.  More 
rarely  colonies  of  young  were  found  in  the  subcutis  as  round,  flat 
masses  not  more  than  1  mm.  in  diameter  and  resembling  a  little  bit 
of  circumscribed  adipose  tissue.  Adult  Myocoptes  were  occasionally 
found  in  large  numbers  on  imthrifty  caged  mice.  As  a  rule  mice 
confined  together  in  numbers  vip  to  15  or  20  were  infested. 

The  possible  relation  of  these  mites  to  the  sarcosporidia  was  care- 
fully taken  into  consideration  by  noting  their  presence  or  absence  on 
the  animals  examined.  As  they  are  very  small  and  cannot  be  made 
out  distinctly  without  a  hand-lens,  they  may  be  overlooked  when  very 
few  are  present."  They  did  not  seem  to  bear  any  etiological  relation 
to  the  muscle  parasite.  They  were  frequently  noted  as  absent  in 
positive  cases  and  very  nimierous  in  negative  cases.  Long  cohabita- 
tion with  infected  mice  in  the  presence  of  these  mites  did  not  increase 
the  opportunity  for  infection,  as  will  be  pointed  out  farther  on. 

1'  Myobia  is  about  .5  mm.  long  and  .3  mm.  broad.  Myocoptes  is  about  .3  mm.  loni;; 
and  .13  mm.  broad.     These  dimensions  apply  only  to  adults. 
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5.  As  stated  above,  the  mice  used  in  the  experiments  were  either 
kept  before  the  feeding  in  lots  of  10  to  15  in  large  cages  made  of  wood 
and  fine-meshed  wire,  or  else  they  were  placed  directly  into  glass  jars. 
Ordinary  battery  jars,  G  by  8  inches,  were  covered  with  a  galvanized- 
iron  wire  top  with  meshes  too  small  to  admit  house  flies.  From  this 
top  a  small  glass  dish  to  hold  water  was  suspended  with  copper  wire. 
The  drinking  water  was  renewed  by  removing  the  wire  top  and  slipping 
a  glass  plate  in  its  place  temporarily.  The  drinking  dish  left  attached 
to  the  wire  top  was  rinsed  and  filled  and  the  top  replaced.  This 
arrangement  kept  the  bedding  dry  and  the  jars  were  changed  but  once 
in  three  weeks.  The  grain  was  jJoured  into  the  jar  and  the  hulls  slowly 
accumulating  were  removed  when  the  jar  was  changed.  In  such  jars 
two,  very  rarely  three,  were  kept. 

In  experiments  from  I^o.  8  to  19  of  the  table,  the  infection  of  the 
mice  was  effected  in  the  following  manner:  Food  was  iisually  withheld 
for  the  day,  and  towards  evening  the  muscular  tissue  of  the  infected 
mouse,  freed  completely  of  skin  and  entrails,  was  cut  up  into  fine  bits 
in  normal  salt  solution.  This  mass  was  mixed  with  bread  crumbs  in 
a  small  glass  dish  and  moistened  if  necessary  with  more  salt  solution. 
Each  jar,  containing  one  or  two  mice,  received  a  dish.  The  amount 
eaten  was  noted  next  morning.  In  the  earlier  experiments  the  mus- 
cular tissiie  or  a  piece  of  the  carcass  was  placed  in  the  jar  without  any 
preparation,  but  the  mice  often  refused  to  touch  it.  The  food  sub- 
stances mixed  with  the  infected  flesh  must  be  properly  chosen.  I  have 
found  bread  crumbs  softened  in  normal  salt  solution  a  favorite  dish. 
In  the  summer  of  1900  I  used  commeal.  but  the  mice  threw  it  out  of 
the  dishes,  and  I  attribute  the  failure  of  certain  experiments  to  the 
injudicious  selection  of  the  food.  The  mice  to  be  examined  were 
usually  chloroformed,  more  rarely  killed  by  a  blow  while  under  chloro- 
form. The  latter  did  not  affect  the  vitality  of  the  Sarcosporidia  or 
of  the  mites. 

When  the  preliminary  experiments  liad  made  it  e\'ident  that  the 
Sarcosporidia  enter  the  musc-les  b}'  way  of  the  digestive  tract,  it  be- 
came necessary  to  determine  the  time  after  feeding  when  the  parasites 
begin  to  appear  in  the  muscle-fibres  or  can  be  recognized  therein, 
and  the  time  required  for  the  ripening  of  the  sporozoites.  In  order 
to  eliminate  errors  of  interpretation  it  was  desirable  to  examine  the 
animals  during  the  earlier,  most  characteristic  stage  of  the  muscle 
para.site,  because  the  later  ripe  stage  remains  unchanged  indefinitely 
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and  gives  no  clear  testimony  concerning  the  probable  date  of  infection. 
To  determine  the  time  of  the  earliest  appearance  of  the  parasite  in 
the  muscle  fibre,  infected  mice  were  killed  at  different  periods  after 
the  feeding  and  the  quite  uniform  answer  given  by  all  experiments 
■was  that  the  earliest  stages  M"ere  detected  between  the  40th  and  the 
50th  day  after  feeding. 

The  accompanying  table  has  been  condensed  from  one  upon  which 
all  the  details  of  the  experiments  to  which  any  attention  had  been 
given  were  noted.  Among  these  are  the  source,  size  and  sex  of  each 
mouse,  the  date  of  capture,  the  mode  of  confinement  and  the  presence 
or  absence  of  mites.  A  study  of  these  data  led  me  to  regard  most  of 
them  as  negligible  factors,  and  they  are  therefore  omitted  from  the 
pubKshed  table. 

In  the  examination  of  the  mice,  a  careful  record  was  kept  of  the 
stage  of  development  of  the  muscle  parasite,  and  upon  this  record  is 
based  the  number  of  cases  which  are  put  down  as  the  result  of  arti- 
ficial infection  and  the  niunber  in  which  the  infection  had  jjresumably 
occurred  in  the  natural  way. 

Before  discussing  the  results  of  the  experiments  as  a  whole,  a  few 
remarks  concerning  some  of  them  may  not  come  amiss.  One  of  the 
earliest  (Xo.  2)  led  me  to  assume  erroneously  that  the  parasite  appears 
very  soon — within  a  week — in  the  muscular  tissue.  Six  days  after  the 
single  mouse  had  been  fed  it  died,  aud  in  the  abdominal  muscles  were 
foimd  the  earliest  segmenting  stages  of  the  parasite.  Later  experi- 
ments made  it  evident  that  the  mouse  was  infected  when  used.  Some- 
what later  the  feeding  experiments  made  with  the  carcass  of  infected 
mice  j-ielded  results  which  seemed  to  point  to  wound  infection.  Those 
fed  with  bony  portions  were  found  more  frequently  infected.  This 
inference  was  also  found  to  be  an  error  and  was  given  up  when  the 
feeding  of  bread  with  the  infected  muscle  proved  so  successful.  Of  the 
later  experiments.  No.  12  deserves  notice.  The  2  mice  which  were 
caught  in  a  distant  building  and  did  not  come  in  contact  with  any 
others  were  both  found  in  the  earliest  stage  of  infection  on  the  51st 
day.  Experiments  Xo.  13  and  14  yielded  very  poor  results,  j'et  these 
were  offset  by  the  fact  that  there  was  no  evidence  that  any  mouse  had 
been  infected  before  use.  The  partial  failure  to  infect  I  attribute,  as 
already  stated,  to  the  use  of  cornmeal.  On  several  occasions  I  have 
noticed  that  mice  recentlv  caught  in  distant  buildings  were  less  inclined 
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to  eat  the  iufected  food  than  those  caught  in  the  animal  room  or  con- 
fined for  some  time  in  cages  or  jars,  where  food  was  always  plentiful. 
Possibly  the  changed  environment  leads  to  a  more  voracious  appetite, 
which  may  influence  the  results  of  experiments.  In  not  a  few  instances 
only  one  of  two  mice  fed  together  iu  the  same  jar  was  found  infected. 

Before  leaving  the  subject  of  minor  details,  I  shall  give  an  account 
of  Experiments  Xo.  18  and  19,  which  may  he  taken  as  a  type  of  the 
later  ones.  In  'No.  18,  18  mice  were  used,  of  which  one  was  found  dead 
in  the  course  of  the  experiment,  but  too  late  to  be  examined,  leaving  17. 
11  of  these  were  from  3  cages  stocked  during  the  summer  of  1900. 
Control  examinations  of  all  that  died  in  the  cages  were  made.  Two 
from  a  distant  house  were  placed  together  in  a  jar.  Four  were  white 
mice  raised  in  another  house  and  also  kept  by  themselves.  On  the  day 
of  feeding  the  11  gray  mice  had  been  confined  for  3  to  4  months  and 
were  not  very  thrift}'.  Of  these,  9  were  chloroformed  from  2  to  41 
days  after  feeding,  but  no  infection  was  detected.  The  remaining  2 
were  examined  on  the  60th  and  62d  days  respectively,  and  the  infection 
was  found  in  the  early  stages.  The  2  gray  mice  from  a  distant  house 
confined  only  2  days  before  feeding  refused  the  infected  food.  Both 
were  found  free  from  infection  on  the  94th  day.  The  4  white  mice  were 
examined  67,  69  and  85  days  after  feeding  and  were  found  in  stages 
of  infection  corresponding  to  the  assumed  cycle  of  development  of  the 
parasite.     Both  negative  and  positive  cases  were  infested  with  mites. 

In  Xo.  19,  all  the  mice  were  from  a  distant  house  and  kept  separate 
from  those  canght  in  the  animal  room.  There  were  4  jars,  containing 
2  apiece.  Between  the  50th  and  60th  days  all  were  chloroformed.  6 
out  of  8  were  in  the  earliest  stages  of  sareosporidiosis.  In  two  jars 
both  mice  were  affected.  In  the  remaining  two,  only  one  each.  A 
fifth  pair  of  mice  from  the  same  source,  and  kept  in  the  same  way  as 
controls,  were  killed  at  the  same  time.     Both  were  free  from  infection. 

Turning  to  the  results  of  these  experiments,  we  find  that  of  43 
mice  killed  before  the  4oth  day,  3  were  infected.  On  account  of  the 
advanced  stage  of  the  parasites,  these  are  classed  as  infected  before 
use.  Of  the  34  killed  between  the  45th  and  the  60th  day,  27  were 
infected.  Of  these,  one  is  classed  with  the  spontaneous  infections. 
Of  the  57  killed  after  60  days,  32  were  infected.  Of  these,  2  are 
rejected  as  previously  infected.  Taking  all  together,  we  have  of  91 
examined  after  45  days,  59  infected,  32  not.  Rejecting  3  of  these, 
wc  have  an  infection  of  63.6;?:  after  45  days.     If  we  compare  the 
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spontaneous  infections  discovered  in  the  experimental  mice  with 
those  of  the  mice  examined  as  controls,  we  find  a  close  agreement. 
Eliminating  from  both  series  all  mice  caiight  outside  of  the  animal 
room,  we  find  the  control  series  of  120  mice  from  the  animal  room 
yielding  a  spontaneous  infection  of  6f^,  the  experimental  series,  of 
6|^  also,  if  we  include  in  this  series  all  mice  whose  source  is  indicated 
as  doubtful  in  the  table,  which  would  niake  90  in  all.  It  is  highly 
probable  that  all  mice  marked  doubtful  came  from  the  animal  room. 

It  is  of  interest  to  compare  with  these  statistics  those  of  the  per- 
manently infected  cage.  When  the  disease  was  first  discovered  it 
was  tliought  that  simple  cohabitation  might  induce  it,  and  hence 
fresh  mice  were  introduced  from  time  to  time.  To  make  sure  of 
the  persistence  of  the  infection,  the  bodies  of  infected  mice  were 
placed  in  the  cage  temporarily  from  time  to  time.  In  Feb.,  1900,  a 
jar  containing  bits  of  infected  muscular  tissue  mixed  with  bread 
crumbs  was  put  into  the  cage.  76  days  later,  6  out  of  the  remaining 
10  mice  were  found  infected.  4  were  in  the  earlier  stages,  suggest- 
ing the  last  feeding  as  the  cause ;  2  were  in  advanced  stages.  "Whether 
they  were  also  infected  with  younger  stages  was  not  noted.  Of  the 
39  mice  taken  from  this  cage  of  wliich  I  have  any  records,  19  were 
infected,  20  free,  yet  all  had  been  in  the  cage  from  6  to  12  months 
and  continuously  exposed  to  mites  and  fecal  discharges,  and  all  had 
had  an  opportunity  to  infect  themselves  by  feeding.  Under  these 
conditions  about  50^  became  diseased,  whereas  in  the  feeding  experi- 
ments the  net  positive  result  is  63.6,^ 

The  life  history  of  Sarcocystis  muris  as  intei-preted  by  the  results 
of  the  foregoing  experiments  consists  in  the  invasion  of  the  muscular 
system  of  the  mouse  by  sporozoites  taken  in  with  the  food.  The 
sporozoites  being  contained  in  cysts  cannot  escape,  and  the  infection 
can  take  place  only  when  muscular  tissue  is  eaten.  The  long  period 
between  infection  and  the  growth  of  the  parasites  in  the  muscle 
fibres  might  be  interpreted  in  two  ways: 

1.  Tlie  parasite  requires  a  long  time  to  store  up  enough  energy  to 
undergo  the  rapid  growtli  and  multiple  division  of  the  nucleus  ter- 
minatinfr  in  tlie  formation  of  spores  and  sporozoites.     Similarly  long 
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periods  are  reqiiired  by  the  various  Cysticerci  of  the  common  tape- 
worms of  man  to  reach  the — ^for  them — mature  stage. 

2.  The  sporozoites  after  ingestion  develop  into  sexually  mature 
organisms  in  some  part  of  the  body  in  a  manner  analogous  to  the 
genus  Coccidium.  After  fertilization  the  female  organism  (macro- 
gamete)  migrates  into  the  muscle  fibres  and  there  passes  through  the 
process  of  sporogony. 

This  second  hypothesis  seemed  the  more  attractive  one  at  the  outset 
and  much  time  was  devoted  to  tracing  the  hypothetical  sexual  ele- 
ments in  various  organs  of  the  body.  Especially  the  intestinal  tract 
was  scrutinized  carefully  in  animals  killed  at  stated  intervals  after 
infection.  The  intestinal  contents,  the  epithelium  and  the  submucosa 
were  searched  in  fresh  preparations,  in  some  cases  in  sections,  for  any 
forms  which  might  be  taken  for  the  parasites  sought  for.  The  fate 
of  the  sporozoites  soon  after  feeding  was  investigated,  but  no  traces 
of  them  found.  The  spleen,  kidneys  and  the  bone-marrow,  as  well 
as  the  blood,  received  attention  but  nothing  definite  was  discovered." 

Another  view  suggested  itself  as  an  outgrowth  of  the  second.  It 
was  assumed  that  the  sporozoites  became  sexually  mature  ia  the  in- 
testines, were  discharged  and  then  ingested  either  by  the  same  host 
or  other  mice.  This  hypothesis  was  discredited  by  the  impossibility 
of  producing  the  disease  by  simple  cohabitation  in  infected  cages. 
Yet  the  occasional  discovery  of  minute  coccidia-like  bodies  in  the 
intestinal  contents  led  to  a  more  thorough  search  without,  however, 
leading  to  any  result.  The  following  experiment  was  also  made. 
Two  white  mice  from  Expt.  18,  kept  together  in  the  same  jar,  were 
ti-ansferred  to  fresh  jars  on  the  2d,  3d,  4th,  6th,  Sth,  9th  and  11th 
day  after  feeding,  to  remove  any  hypothetical,  sexually  mature  ele- 
ments discharged  with  the  feces.  The  mice  were  nevertheless  found 
severely  infected  in  due  time." 

My  obsen-ations  have  thus  not  yet  bridged  the  gap  up  to  the  6th 
week.     Careful  examinations  of  the  fresh  muscular  tissue  of  mice 

"  In  the  spleen  I  encountered  quite  regularly  the  large  giant  cells  of  the  bone 
marrow. 

"  In  the  digestive  tract  of  many  mice  Icept  confined  for  some  months  and  not  very 
thrifty,  two  flagellates,  Lamblia  bitestinalis  and  a  trichomonas-like  form  were  fre- 
quently encountered  in  the  small  intestine  together  with  an  amoeba  in  the  csecnm. 
These  protozoa  it  was  believed  bear  no  genetic  relation  to  Sarcocyslix  murit. 
2 
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killed  earlier  than  this  have  been  made  in  large  numbers,  but  they  are 
not  sufficient  in  themselves  to  warrant  the  assumption  that  the  im- 
migrated sporozoite  is  not  present  much  earlier  than  this.  The  exami- 
nation of  stained  sections  in  considerable  numbers  will  be  necessary. 
It  may  be  found  that  the  parasite  reaches  the  muscle  fibre  soon  after 
ingestion,  where  it  remains  undetected  until  the  multiple  division  of 
the  nucleus  begins  and  the  organism  by  its  rapid  growth  and  increased 
affinity  for  chromatin  dyes  becomes  recognisable.  The  parasite  re- 
produced in  Plate  I,  Fig.  2,  which  was  foimd  51  days  after  feeding, 
measured  only  .05  mm.  iu  length  and  .016  mm.  at  its  gTcatest  width. 
These  dimensions  are  four  times  those  of  the  sporozoite — a  very  slight 
increase  in  this  long  period  of  time. 

There  are  several  aspects  of  this  whole  subject  which  have  suggested 
themselves  in  the  course  of  the  investigation  and  which  I  shall  touch 
upon  very  briefly. 

The  infected  tissue  used  for  feeding  came,  in  about  one-half  of  the 
experiments,  from  mice  taken  from  the  infected  cage.  In  the  other 
half,  mice  from  one  of  the  preceding  experiments  were  used  as  in- 
dicated in  the  table.  In  the  later  experiments  it  became  evident  that 
the  Sarcosporidia  developed  somewhat  more  slowly  than  in  the  earlier, 
and  that  the  fully  matured  muscle  parasites  were  smaller  than  in  the 
earlier,  and  in  the  spontaneous  infections,  due  not  to  any  shrinkage 
in  size  of  the  sporozoites  but  to  a  smaller  number.  This  apparent 
degeneration  may  be  due  to  the  feeding  of  tissue  from  artificial 
infections — a  kind  of  artificial  cultivation  of  the  parasite  under  slightly 
abnormal  conditions,  such  as  monotonous  diet  and  confinement  of  the 
host.  It  may  also  be  due  to  the  need  of  passing  temporarily  to  some 
other  host,  or  perhaps  to  other  still  unknown  causes. 

Can  mice  be  infected  twice  or  oftener,  or  does  the  first  feeding 
establish  immunity?  This  question  was  approached  in  one  experi- 
ment. Two  mice  in  Expt.  17,  fed  'Nov.  25,  1900,  were  fed  again 
after  55  days  on  Jan.  10,  1901.  They  were  killed  March  22,  about 
4  months  after  the  first,  2  months  after  the  second  feeding.  There 
was  an  abundant  invasion  due  to  the  first  feeding,  but  none  traceable 
to  the  second  feeding.     Simultaneous  feeding  of  other  mice  on  Jan. 

19  was  successful. 
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Another  question  which  has  an  important  bearing  on  the  outcome 
of  feeding  experiments  is  that  of  an  initial  immunity  which  may  lead 
to  a  destruction  of  the  sporozoites  before  they  reach  the  protecting 
envelope  of  the  muscular  tibre.  That  sucli  immunity  exists  is  sug- 
gested but  not  demonstrated  by  the  general  outcome  of  the  investiga- 
tion. I  have  already  referred  to  the  disinclination  of  recently  caught 
mice  to  eat  muscular  tissue  mixed  ^vith  bread,  but  this  only  partly 
explains  the  results. 

May  sporozoites  infect  when  injected  into  the  subcutis  or  the 
abdominal  cavity?  With  the  earlier  feeding  experiments,  5  separate 
tests  were  made  to  solve  this  problem.  The  results,  though  leaning 
decidedly  towards  the  negative,  were  not  quite  satisfactory  and  will 
have  to  be  repeated  on  a  larger  scale. 

I  have  left  the  chapter  on  the  pathology  of  sarcosporidiosis  in  the 
mouse,  as  well  as  the  toxicity  of  the  sporozoites,  as  brought  out  by 
L.  Pfeiff er  ^  for  the  parasite  in  sheep,  and  subsequently  by  Laveran 
and  Mesnil  '^  for  the  same  species,  for  special  consideration.  In 
general  the  tissue  reaction  appears  to  be  very  slight  during  the  devel- 
opmental period  of  the  parasite.  Multiplication  of  muscle  nuclei, 
scattering,  small  foci  of  leucocyte  infiltration  associated  with  slight 
cell  proliferation  of  the  perimysium  internum  and  the  sheath  of  the 
small  vessels  are  usually  present,  but  they  apparently  stand  in  no 
direct  relation  to  the  invasion,  for  the  affected  fibre  and  its  immediate 
environment  are  in  nearly  every  case  normal.  To  interpret  the 
slight  changes  present,  the  condition  of  the  muscular  tissue  preceding 
visible  invasion  will  need  special  attention.  When  the  parasites  are 
very  large  and  numerous,  as  in  Plate  I,  Fig.  1,  disturbances  in  the 
movements  of  the  animal  should  occur,  and  as  a  matter  of  fact 
such  mice  are  frequently  found  slow  in  movement  and  ill.  The 
sporozoites  in  the  old  cysts  may  shrivel  and  disappear  and  leave  the 
chambered  cysts  empty  as  in  Fig.  1 .  In  one  case  I  found  them  filled 
with  polymorphonuclear  leucocytes. 

The  life  histories  of  all  Sarcosporidia  are  not  necessarily  explained 
by  the  results  obtained  with  Sarcocystis  muris.  It  would  be  difficult, 
for  instance,  to  account  for  the  Sarcosporidia  of  cattle  in  the  way  those 
of  mice  can  now  be  accounted  for,  since  cattle  are  not  carnivorous. 
Their  muscle  parasite  is  either  an  aberrant  form  from  some  inverte- 
brate taken  in  with  their  food  or  else  there  is  an  intestinal  stage  as 

20  Op.  cit.,  p.  123. 

»i  Comp.  rend.  Soc.  de  bioJ.,  1S99,  p.  311. 
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well,  which  readily  permits  a  discharge  of  spores  outwards.  It  is 
obvious  that  other  views  or  modifications  of  the  ^-iews  presented  might 
be  brought  forward,  but  I  desist  from  any  further  discussion  not 
based  on  actual  studies." 

The  experiments  described  in  the  foregoing  pages  warrant  the 
conclusion  that  the  feeding  of  Sarcocystis  muris  containing  ripe, 
mobile  sporozoites  to  gray  and  white  mice  is  followed  by  an  invasion 
of  the  muscle  fibres  by  the  parasites,  which  become  readily  recogniz- 
able after  the  45th  dav.  At  this  time  the  parasite  is,  as  a  rule,  many 
times  larger  than  the  sporozoite  wliieh  it  presumably  represents. 
Within  2i  to  3  months  the  parasite  has  reached  the  final  stage,  in 
which  it  consists  of  a  chambered  cyst  filled  with  sporozoites,  mobile 
at  the  temperature  of  the  body  and  capable  of  infecting  other  mice. 

DESCRirXION    OF    PLATES    I-IV. 
Plate  I. 

The  photomicrograplis  were  made  by  Mr.  L.  S.  Brown  in  the  elinico-jiathological 
laboratory  of  the  Massachusetts  General  Hospital  through  the  courtesy  of  Dr.  James 
H.  Wright,  Director. 

Fig.  1.  Photograph.  Extensive  iuTasiou  of  the  muscular  system  of  a  gray  mouse. 
Parasites  matured,  many  times  broader  than  the  muscle  fibres  in  which  they  originally 
lodged  :  cut  obliquely.  lu  the  centre  of  the  tigure  are  two  parasites  in  which  only 
remnants  of  the  sporozoites  are  present.  The  chambered  interior  is  well  defined. 
x50. 

Fig.  3.  Photograph.  A  very  early  stage  of  Sareoeyatis  muris  in  the  muscle  fibre  51 
days  after  feeding  (Expt.  No.  12).  The  granular  appearance  of  the  parasite  is  dne  to 
the  presence  of  large  numbers  of  nnclei.  Each  dark  granule  represents  a  nucleus. 
x350. 

Plate  II. 

Fig.  3.  Photograph.  An  early  stage  of  Sarcocystis  miirts  undergoing  multiple 
division  of  the  nucleus.  In  the  two  lowest  nuclear  areas  the  micronuclei  are  visible. 
Owing  to  the  obliquity  of  the  section  only  a  portion  of  the  parasite  is  included. 
From  Expt.  No.  9,  46  days  after  feeding,      x  750. 

Fig.  4.  Photograph.  An  early  stage  from  a  teased  preparation  of  fresh  muscular 
tissue  in  normal  salt  solution.  The  parasite  slipped  out  of  its  muscle  fibre  during 
the  teasing,  a  frequent  occurrence  in  this  stage.  The  earliest  division  into  fusiform 
bodies  is  completed.  The  parasitic  tube  is  packed  with  fish-like  bodies  in  some  of 
which  the  refringcnt  spherule  is  recognizable,      x  6.t0. 

Plate  III. 

Fig.  5.  Photograph.  Ripe  sporozoites  from  a  torn  parasite.  Dried  lightly  on  a 
cover-glass,  fixed  in  alcohol  and  ether,  and  stained  in  ho^malum.      x  400. 

Fig.  6.  Photograph.  An  early  stage  showing  the  fusiform  and  crescentic  bodies 
(sporoblasts  or  mother-sporoblasts).     Hiemalum.      x  62.5. 

''See  a  paper  by  the  writer  "On  a  sporozoon  in  the  intestinal  villi  of  cattle"  In 
Bulletin  No.  3  of  the  JBureau  of  Animal  Industry,  U.  S.  Dept.  Agriculture,  p.  73. 
Washington,  1S93. 
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Plate  IV. 

Fig.  7.  Sarcocyslis  maris,  ripe  stage.  Natural  size.  From  a  specimen  in  Kaiser- 
iing's  fluid. 

Fig.  8.  Very  young  stage  as  it  appears  in  fresli  muscle  tissue  in  normal  salt  solu- 
tion. The  double-contoured  cuticle  encloses  a  pale,  apparently  structureless  body 
substance  in  which  refringent  particles  are  sparingly  present,      x  200. 

Fig.  9.  A  somewhat  later  stage  under  the  same  conditions.  The  refringent  gran- 
ules, of  several  sizes,  are  quite  abundant.      x  230. 

Fig.  10.  Stage  of  multiple  nuclear  division,  corresponding  to  Fig.  3.  To  show 
the  nuclear  area,  which  includes  the  nucleus  and  micronucleus.  From  the  abdominal 
muscles  of  a  mouse  in  Expt.  No.  9,  46  days  after  feeding.  Hsemalum.  For  greater 
clearness  of  detail,  only  four  are  shown.     Compare  Fig.  3.      x  1200. 

Fig.  11.  The  stage  immediately  following  the  one  characterized  by  the  fusiform 
bodies  of  Fig.  4.  The  crescentic,  or  kidney-shaped  bodies  are  the  future  sporoblasts. 
Each  contains  one  or  several  refringent  granules.  Fresh  preparation,  x  400.  (Figs. 
8,  9  and  11  are  from  infections  in  Expt.  19.) 

Fig.  13.  The  stage  of  sporoblasts.  The  latter  merely  outlined  with  the  camera 
lucida.  The  outlines  represent  the  future  partitions  or  sporocysts.  The  striated 
margins  belong  to  the  remnants  of  the  muscle  fibres  in  which  the  parasites  are 
lodged.  From  Expt.  16,  4  months  after  infection.  Development  somewhat  delayed. 
x280. 
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INTEODUCTION. 

During  the  last  ten  or  twelve  years  a  few  writers,  particularly 
French  and  German  observers,  have  from  time  to  time  called  attention 
to  the  existence  of  a  form  of  tuberculosis  affecting  various  segments 
of  the  intestinal  tube  and  characterized  by  a  variable  but  usually  a 
considerable  degTee  of  thickening  of  the  wall  of  the  intestine.  So 
definite  and  constant  is  this  distinguishing  characteristic  that  the  type 
has  been  habitually  referred  to  by  French  writers  as  tuherculose 
intestinale  a  forme  hypertrophique.  This  term,  however,  appears  to 
me  misleading;  the  fundaiiiental  lesion  is  one  of  hyperplasia,  hence 
the  designation  of  Coquet' — hyperplastic  tuberculosis — is  certainly 
more  correct  in  a  pathological  sense. 

*An  abstract  of  this  paper  was  read  before  the  New  York  Pathological  Society, 
March  29,  1900. 

'  De  la  variote  chirurgicale  des  tnmeurs  coecales  tuberculeuses.  These  de  Paris, 
1894. 
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Ordinarily  localized  in  the  ileocsecal  region,  but  likewise  affecting 
other  regions  less  frequently,  the  process  eifects  a  disease  of  long- 
duration,  the  most  conspicuous  feature  being  the  more  or  less  extensive 
formation  of  fibrous  and  tuberculous  granulation  tissue  in  the  im- 
plicated parts.  This  is  often  of  such  a  character  that  the  inflammatory 
hyperplasia  or  "  pseudo-neoplasm  "  (Benoit)  may  easily  be  mistaken 
clinically  for  tumor-formation  of  the  locality  resembling  carcinoma. 

A  condition  more  or  less  similar  has  been  described  in  the  larynx; 
its  clinical  presentation  is  also  that  of  cancer  of  the  part."  In  serous 
membranes  hyperplastic  tuberculosis  is  also  observed;  the  peritoneum, 
pleura,  and  especially  the  joints  are  affected  in  this  way.  Kecent 
studies  further  show  a  more  or  less  parallel  process  in  a  group  of 
cases  diagnosticated  as  Hodgkin's  disease,  but  which  fuller  investiga- 
tions have  shown  to  be  incited  by  Bacillus  tuberculosis.  For  a  knowl- 
edge of  this  form  of  tuberculous  adenitis  we  are  especially  indebted 
to  the  contributions  of  Weishaupt,'  Brentano  and  Tangl,*  Duclion,"  and 
Courmont,  Tixier  and  Bonnet.'  In  processes  of  this  kind  the  tubercle 
bacillus  and  its  products  induce  fibrous  hyperplasia  rather  than  casea- 
tion and  necrosis. 

HISTOKICAL. 

Since  the  first  detailed  study  of  this  peculiar  type  of  intestinal 
tuberculosis  by  Hartmann  and  Pilliet '  in  1S91,  it  has  been  the  source 

-J.  A.  Dolcris,  Laryngite  hypertrophique  ;  tuberculose  et  scU'rose  partielle  du 
ponmoD.     Bull,  de  la  Soc.  anat.  de  Paris,  1S76,  li,  p.  128. 

Lermoyez,  Vegetation  tnberculense  enorme,  formant  polype  mobile,  implant^e  au 
bord  de  la  corde  vocale  droite  et  a  son  insertion  antdrieure,  etc.  Ann.  d.  mal.  df 
VortiUe,  du  larynx,  etc.,  Paris,  1884,  x,  p.  183. 

J.  N.  Mackenzie,  Tnberknluse  Tumoren  des  Kehlkopfes  und  der  Luftnihre.  Wien. 
med.  Preise,  1885,  xxvi,  p.  473. 

'  Ueber  das  Verhaltniss  von  Pseudoleukamie  und  Tuberkulose.  Arti.  n.  d.  palh.- 
anat.  Inst,  zu  Tubingen,  1891-2,  i,  p.  194. 

<  Beitrage  zur  Aetiologie  der  Psendoleukiimic.  Deutseh.  med.  HV/i.,  189('>,  xvii, 
p.   588. 

'Snr  I'^tude  clinique  et  expfrimentale  de  la  lymplio-sarcomatosc  et  de  la  tubercu- 
lose hypertrophiante  m^connue  des  ganglions  lympbatiques.  Tbesc  de  Bordeaux, 
1896. 

"  De  la  lympbadenie  tubcrculense  ganglionnaire  ct  viscerale.  Journ.  dr  phyxiol.  el 
de  pathol.  i/i-H.,  1899,  i,  p.   826. 

'Notes  sur  unc  variety  de  typhlitc  tubcrculense  simulant  les  cancers  de  la  region. 
Bull,  dc  In  Soe.  anal,  dc  Par  in,  1891,  p.  471. 
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of  considerable  interest  and  some  discussion.  To  the  best  of  my 
knowledge  the  earliest  serious  investigation  of  this  anatomical  type 
begins  with  these  writers,  the  one  investigating  the  pathological  side, 
the  other  the  clinical  features  of  the  disease.  True,  a  few  isolated 
examples  of  its  recognition  may  be  found  in  the  literature  prior  to 
that  date. 

Thus  von  Hacker'  in  1888,  Suchier'  in  1889,  and  Gussenbauer  "  the 
following  year  had  each  reported  cases  of  this  nature.  As  early  as  in 
188G  Czerny  "  is  said  to  have  operated  on  two  cases  for  ileociEcal  disease 
which  proved  to  be  tuberculous;  the  publication  of  the  reports,  however, 
did  not  take  place  until  1890.  ■Billroth,"'  in  1891,  at  a  meeting  of  one 
of  the  Vienna  societies,  showed  an  amputated  csecum  which  had  been 
taken  out  siipposedly  for  carcinoma;  the  tumor  was  proved  to  be 
tuberculous. 

But  notwithstanding  these  earlier  reports,  insistence  upon  certain 
distinguishing  peculiarities  is  the  credit  of  the  French  investigators. 
The  publication  of  Hartmann  and  Pilliet  in  1891  inspired  considerable 
interest  in  the  subject;  so  that  in  the  following  two  years  papers  on  the 
same  theme  appeared  by  Obalinski,"  Koenig,"  Le  Bayon,'"  Sachs," 
Pollak,"  Zahlmann,"  Vohty,"  Reclus,°°  and  several  others.     By   1893, 

'Ueber  die  Bedeutung  der  Anastomosenbildung  am  Darm  fiir  die  operative  Behand- 
lung  der  Verengerungen  desselben.      Wien.  klin.   Woch.,  1S8S,  1,  pp.  .359  ;  .S89. 

'Beiti-ag  zur  operativen  Bebandlung  der  Coecumtumoren.  Berl.  klin.  Work.,  1883, 
p.  617. 

'"Quoted  by  Finli  :  Ueber  zwei  Falle  von  Resection  des  Coecums  wegen  Tuber- 
culose.     Prag.  med.  Woch.,  1890,  xv,  p.  101. 

"  Ueber  die  chirurgische  Bebandlung  intrapei-itonealer  Tuberkulosc.  Britr.  z.  klin. 
Chir.,  1890,  xi,  p.  73. 

15  Wien.  med.  Fresse,  1891,  p.  193. 

'3  Ueber  Laparotomie  bei  innerem  Darmverschluss  auf  Grund  eigeuer  HO  Falle. 
Arch.f.  klin.  Chir.,  1894,  xlviil,  p.   1. 

i-i  Die  stricturirende  Tuberculose  des  Darms  undihre  Bebandlung.  Deutsche,  /.eilsch. 
f.  Chir..  1892,  xxxiv,  p.  fi.5. 

'5  De  la  typblite  tuberculeuse  ebronique.     These  de  Paris,  1892. 

"Bin  Beitrag  zur  Extirpation  des  Blinddarms  wegen  Tuberculose.  Areh.  f.  klin. 
Chir.,  1892,  xliii,  p.  429. 

"Bin  Fall  von  Darmtuberculose  mit  schwarzem  Harn.  Bcrl.  klin.  Wwh.,  1892,  p. 
CSS. 

•*  Tuberkulos  Tarmstricktur  ;  resectio  intestini  co?ci.  Hoxpi(alstidemU,\&'it2,S.  R., 
X,   p.  901. 

19  Tuberkulos  Tarmstriktur;   resectio  intestini  ilei.     Hospitttlstidendc,  MQ'i,  No.  44. 

■"Typblite  et  appendicite  tuberculeuses.     JJhW.  »<«/.,  189.3,  vii,  p.  .587. 
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Benoit  "^  had  been  able  to  collect  twenty-one  such  examples.  Since 
Benoit's  monograph  a  considerable  number  of  new  and  interesting  facta 
have  been  contributed  by  Luzzato,"  Delbet  and  Mouchet,"'  Cornil  and 
Marie/*  Tissier/''  Coquet,"^  Pasca/'  Koerte,"*  Courte'ville,'*  Durante" 
Desplats,"  Courtillier,'^  Caminiti  Vinci,^  Nove-Josserand/*  Chavannaz 
and  Carriere,"^  and  a  few  other  writers.  In  1898  Itie  *"  had  gathered 
reports  of  forty-one  new  cases  surgically  treated,  and  Conrath,"'  in  his 
paper  published  the  same  year,  mentions  a  total  of  eighty-five.  Itie's 
thesis  is  an  admirable  critique  and  presentation  of  the  ensemble  of  the 
whole  question;  Conrath's  paper  contains  the  best  general  discussion  of 
the  subject,  particularly  in  its  surgical  aspects.  For  the  most  part, 
all  the  cases  reported  relate  to  Ueoesecal  affections. 

It  is  interesting  to  note  how  closely  our  knowledge  of  this  form  of 
intestinal  tuberculosis  is  linked  with  the  development  of  surgical  inter- 
vention in  the  ileocsecal  region. 

The  most  recent  contributions  to  the  subject  have  been  made  by 

-'  Tubereulose  locale  chroniqne  de  la  region  ileocoecale.     These  de  Paris,  1893. 

-- Tnbercnlosi  della  porzlone  ileo-cecale  dell'  intestino.  Hiforma  medica,  189S,  ix, 
pt.  1,  p.  79.5. 

-' Rectite  hypertrophique  proliferante  et  stenosante.  Arc/i.  gen.  de  mfd.,  1893,  ii, 
pp.  .513  ;   668. 

^*  Observation  de  tubereulose  du  caecum  simulant  nn  cancer  de  cet  organe.  Cotigrh 
pour  VHude  de  la  tubereulose  (1893),  Paris,  1894,  iii,  p.  504. 

"  Infiltration  embryonnaire  de  I'uterus,  des  ovaires  et  des  tuniques  de  I'intestin. 
£ull.  Soc.  anal,  de  Paris,  1894,  viii,  p.  40. 

2«0p.  cit. 

"  Tuberculosi  del  ileo-csecum.      Gazz.  med.  di  Roma,  1894,  xx,  pp.  217;  38.5. 

'8Znr  chirurgischen  Behandlung  der  Geschwiilste  der  Ileococalgegend.  DeuUeht 
ZelUeh.f.  Chir.,  1894-5,  xl,  p.  .563. 

89  Tubereulose  avancfe  de  la  valvule  ileo-coecale ;  fistules,  typhlite  et  appendicite 
tnberculeuse.     Jour.  d.  sei.  m(d.  de  Lille,  189.5,  ii,  p.  634. 

^  Resezioni  intestini  per  tuberculosi  de  cieco.     Rif.  med.,  189.5,  iv,  p.  616. 

31  Tubereulose  pulmonaire  localis6e.  GfnC'ralisation  au  pharynx  et  i  tout  le  tube 
digestif  pendant  le  cours  d'une  fievre  typhoide.  Jour,  de  sci.  mfd.  de  Lille,  1896,  i, 
p.  .577. 

"Tubereulose  ebroniqne  de  Tangle  ileo-ea?cal.  Bull.  .foe.  anat.  de  Paris,  1896,  x, 
p.  413. 

"  Resezione  dell'  intestino  per  tuberculosi,     Rif.  med.,  1896,  No.  3,  p.  113. 

^  Tubereulose  localisfe  du  cscum  trait^e  par  la  simple  laparotomie.  Lyon  m(d., 
1896,  Ixxxii,  p.   154. 

"Tubereulose  du  ccEcum,  etc.     Jour,  de  mfd.  de  Bordeaux,  1897,  xxvii,  p.  271. 

»  De  la  tubereulose  intestinale  A  forme  hypcrtrophlque.  These  de  Montpellier, 
1898. 

,"  Ueber  die  lokale  chronisehe  Coecumtuberkuluse  uud  ihre  ehirurgische  Behand- 
lung.     Beitriiye  zur  kliu.  Uliir.,  1898,  xxi,  p.  1. 
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Bezangon  and  Lapointe,^  Pantaloni/"  Monnier,"  Claude,"  Pozza," 
Strehl,"  Giiinard,"  Caussade  and  Charrier,"  Hatch,"  Obrastzoff,"  and 
Tuffier.". 

In  English  literature  I  have  been  able  to  find  but  three  cases,  that  of 
Sainsbury "  in  1892,  that  of  Page  °°  in  1897,  and  that  of  Lediard " 
reported  the  following  year.  Mention  of  four  cases  has  been  found  in 
American  literature — one  by  Beck"^  in  1894  and  one  each  by  Ochs- 
ner  ''  in  1895,  by  Senn  "  and  by  Cumston  "  in  1898." 

EEPOET  OF  CASE. 

The  specimen  of  hyperplastic  tuberculosis  of  the  intestine  which  I 
was  able  to  study  is  of  the  highest  interest.     The  length  of  gut  im- 

38  La  tuberculose  intestiuale  a  forme  hypertrophique.     Presse  med.,  1898,  i,  p.  265. 

3'  Resection  de  rintestin  grele  pour  tuberculose  intestinale  chronique.  Arch.  prov. 
de  chir.,  1898,  vii,  p.   327. 

*"  Monnier.  Contribution  a  I'etude  de  la  tuberculose  intestinale  a  forme  hyper- 
trophique.     Arch.  prov.  de  med.,  1899,  i,  p.  92. 

•"  Tuberculose  hypertrophique  non  stenosante  du  gros  intestin.  Comptes  rend.  Soc. 
de  biol,  1898,  p.   1110. 

"  Resezione  dell'  ansa  ileo-c*cale  et  anastomosi  terminale  ileo-colica  per  invagina- 
mento  chronlco  causato  da  tubercnlosi  primitiva  de!  cieco.  Supplemento  di  PolicUn- 
ico,  1899,  p.  909. 

*^Ein  Fall  von  funfzehnfacher,  zum  Theil  septischentzundlicher  Darmstenose 
tuberculosen  Ursprunges.     Deutsche  Zeitschr.  f.  Chir.,  1899,  1,  p.  411. 

■"  Retrecissements  tuberculeux  de  I'intestin.  Bull,  et  mem.  de  la  Soc.  de  chir.,  Paris, 
1899,  XXV,  p.  337. 

■•=  Un  cas  de  tuberculose  ileocsecale  i  forme  hypertrophique  avec  considerations 
cliniques,  anatomiques  et  therapeutiques.     Arch.  gen.  de  med.,  1899,  i,  p.  410. 

<«  Tubercular  disease  of  the  cx'cum.     Indian  Med.  Oaz.,  Calcutta,  1899,  p.  43. 

•*' Tuberculose  d.  Ciecum.     Arch.  f.   Verdauungskr.,  1899,  iv,  p.  440. 

■"Retrecissement  tuberculeux  &  forme  hypertrophique  de  I'intestin  grele.  Presse 
med.,  1900,  p.  93. 

■"  Primary  tuberculous  ulceration  of  large  Intestine.     Lancet,  1892,  ii,  p.  367. 

"'Tuberculous  ulceration  of  the  caecum  giving  rise  to  symptoms  of  disease  of  the 
appendix.     Lancet,  1897,  ii,  p.  10. 

"  Excision  of  the  caecum  for  tuberculous  disease.     Lancet,  1898,  ii,  p.  408. 

»'»  Annals  of  Surgery,  1894,  xx,  p.  672. 

5- Report  of  cases  of  resection  of  the  caecum.  Chicago  Med.  Record,  1895,  ix,  p. 
113. 

53Xhe  surgical  treatment  of  intestinal  tuberculosis.  Journ.  -imer.  Med.  Assoc, 
1898,  XXX,  p.  119.5. 

^  Tuberculosis  of  the  c;ecum.     Ann.  of  Gynec.  and  Pediat.,  1898,  xii,  p.  29,  (case  iii.) 

55  Since  the  preparation  of  this  article  a  valuable  contribution  to  the  pathology  of 
chronic  hyperplastic  tuberculosis  of  the  caecum  has  been  made  by  T.  R.  Crowder, 
{.Amer.  Jour.  Med.  Sc.,  1900,  cxix',  p.  668),  who  reports  two  new  cases,  in  one  of  which 
carcinoma  of  the  caecum  coexisted. 
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plicated  makes  it  imique  in  the  records  of  this  aif action;  and  the 
absence  of  distinct  stenosis  and  of  apparent  ulceration  of  the  mucous 
membrane  anyT\'here  in  the  intestine  adds  further  interest  to  the 
report.  The  atypical  histological  findings  are  so  little  suggestive  of 
tuberculosis  that  this  side  of  the  study  is  particularly  rich  in  interest. 
For  the  clinical  history  of  the  case  I  am  indebted  to  Dr.  J.  L.  School- 
craft, of  Schenectady,  K".  Y. 

Clinical  history. — Simon  S.,  aged  49,  was  in  active  business  until  shortly 
after  the  onset  of  his  trouble,  when  failing  health  necessitated  inacti\ity. 
The  family  history  shows  no  evidence  of  tuberculosis.  \Vhen  a  child  he 
suffered  from  some  of  the  acute  infectious  diseases  of  this  period,  other- 
wise his  health  had  alwa3-s  been  excellent.  Xo  history  of  lues,  typhoid, 
or  dysentery. 

In  1895,  about  three  years  before  his  death,  he  is  said  to  have  lost  weight 
and  to  have  become  graduallj-  weaker  and  weaker  without  apparent  cause, 
so  much  so  that  v\alking  became  too  fatiguing.  On  the  slightest  exertion 
a  tendency  to  fainting  had  become  manifest.  Coexistent  with  this  loss  of 
strength  there  was  noticed  a  change  in  the  color  of  the  skin;  from  a 
rather  fair  skin  the  color  passed  within  a  year  to  a  dark  brown.  The 
distribution  of  the  pigmentation  was  universal,  not  patchy,  most  accentu- 
ated on  the  exposed  surfaces.  Two  months  from  the  onset  he  began  to 
suffer  from  cramp-like  pains  all  over  the  abdomen,  without  definite  locali- 
zation; at  times  he  thought  them  most  intense  in  the  right  iliac  region. 
Sometimes  the  attacks  would  last  for  onlj'  five  minutes;  more  often, 
especially  during  the  last  year  of  his  sickness,  for  half  an  hour  or  longer. 
For  the  most  part  the  cramps  came  after  irregular  intervals  of  quiescence, 
at  first,  not  over  once  a  week:  then  later,  four  to  eight  times  a  day. 
Sometimes  the  attacks  occurred  shortly  after  taking  food,  more  often 
without  any  reference  thereto.  Vomiting  occurred  from  time  to  time, 
being  often  associated  with  the  attacks  of  abdominal  pain.  Pressure  had 
no  effect  in  increasing  or  diminishing  the  severity  of  the  pain.  With  time 
this  whole  chain  of  symptoms  increased  in  severity.  The  appetite  had 
been  generally  poor,  the  bowels  irregular — alternating  diarrhoea  and  con- 
stipation; there  was  a  tendency  to  looseness,  however,  during  the  entire 
sickness.  Xo  mass  was  at  any  time  felt  by  the  patient  in  the  abdomen, 
but  a  sensation  of  vague  discomfort  and  heaviness  was  almost  constantly 
present.  Nothing  abnormal  had  been  observed  about  the  stools;  blood 
had  never  been  noticed. 

.\b(iut  a  year  and  a  half  before  his  death  he  came  under  medical  observa- 
tion, when  he  was  poorly  nourished,  of  slim  build,  and  complained  of  great 
weakness  and  loss  of  flesh,  .\bout  thirty  pounds  in  weight  were  lost  in 
the  first  year  of  his  sickness.  The  temperature  was  then  normal;  the 
skin  of  the  face  and  hands,  as  well  as  of  the  trunk  and  body  generally, 
was  of  a  deep  brownish  color;  in  no  wise  was  this  patchy  in  character, 
nor  was  the  pigmentation  distinctly  bronze-like.  The  mucous  membranes 
of  the  lids  and  mouth  were  pale  and  free  from  pigmentation.     The  chest 
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was  well  developed,  and  the  heart  and  lungs  appeared  normal.  Examinn- 
tion  of  the  abdomen  revealed  nothing,  except  that  on  deep  palpation 
tenderness  was  elicited,  seemingly  most  marked  in  the  right  iliac  fossa; 
the  spleen  was  not  palpable,  nor  was  the  liver  enlarged.  Superficial  glands 
nowhere  enlarged.  Urine  normal.  When  seen  for  the  first  time,  about 
18  months  before  death,  a  diagnosis  of  Addison's  disease  was  ventured. 
Arsenic,  cod-liver  oil,  bone-marrow,  and  a  very  liberal  and  nourishing  diet 
were  prescribed,  and  he  was  sent  to  the  country.  For  three  or  four 
months  some  improvement  took  place;  he  appeared  to  eat  better,  increased 
some  in  weight,  and  the  abdominal  disturbances  improved  considerablj'. 
Then  the  condition  became  more  aggravated,  with  accentuation  of  all 
symptoms.  During  this  time  there  was  a  fairly  constant  evening  rise  of 
1  to  2  degrees  F.  About  two  months  before  death  fainting  fits  occurred 
on  the  slightest  exertion,  until  weakness  necessitated  remaining  in  bed 
for  the  last  few  weeks  of  life.  Finally,  some  days  before  dissolution, 
symptoms  of  right-sided  lobar  pneumonia  appeared  and  he  died  December 
31,  1S98. 

Autopsy. — January  1,  1900,  about  twelve  hours  after  death.  The  body  had 
been  injected  with  embalming  fluid  containing  formalin,  hence  no  cultures 
were  made  from  the  case.     The  notes  from  the  protocol  are  as  follows: 

Anatomical  diaffnosis  (revised). — Hyperplastic  tuberctilosis  of  small  an4  large 
intestine;  lobar  pneumonia  of  right  lower  lobe;  wdema  of  lungs;  tuberculosis  of 
adrenals  and  of  mesenteric  lymph  nodes;  acute  splenic  tumor:  clomly  swelling  of 
liver;  slight  chronic  diffuse  nephritis. 

Body  160  cm.  long,  sparely  built,  moderately  emaciated.  Eigor  mortis 
absent.  No  oedema  of  lower  extremities.  Surface  of  body  universally  of 
a  dark  bro-vvnish  color,  most  pronounced  on  face  and  other  exposed 
cutaneous  surfaces.  Nowhere  is  this  patchy  in  character,  nor  suggestive 
of  bronzing,  but  is  more  distinctly  like  the  color  produced  by  exposure  to 
the  sun.  No  pigmentation  of  buccal  mucosa.  Exposed  mucous  surfaces 
pale.  Pupils  moderately  dilated  and  equal.  Post-mortem  lividity  of  de- 
pendent parts.  Subcutaneous  fat  small  in  amount.  !Muscles  of  thorax  and 
abdomen  poorly  developed  and  pale. 

Peritoneal  cavity. — Bo.th  layers  smooth  and  normal.  Foramen  of  Winslow 
patent.  Congenital  absence  of  appendix.  Omentum  delicate;  omental 
glands  not  enlarged.  Diaphragm,  right  side  at  fifth  rib;  left  side  at  fifth 
interspace.  Right  lobe  of  liver  reaches  5  cm.  below  costal  margin; 
stomach  not  visible. 

Both  pleural  cavities  free  from  fluid,  and  pericardium  smooth,  its  cavity 
containing  a  small  quantity  of  clear  yellow  fluid. 

Heart,  small,  distended  with  cruor  clots;  valves  normal.  Just  above 
valves  aorta  shows  diffuse  areas  of  fatty  atheroma.  Both  coronarles 
normal;   myocardium  firm,  of  a  homogeneous  red-brown  color. 

Left  lung,  free  from  adhesions,  pleura  smooth.  Consistence  firmer  than 
normal.  On  section  all  lobes  are  brownish-red  and  exude  a  considerable 
quantity  of  blood-stained  serum.     No  thickening  at  the  apex. 

Right  lung. — Pleura  smooth  except  over  lower  lobe,  where  it  is  covered 
with  fibrin.  Upper  lobe  contains  a  moderate  amount  of  serum;  lower  lobe 
is  solid,  yellowish-gray  in  color,  with  streaks  of  brown  or  black,  and  finely 
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granular.  Xo  apical  tuberculosis.  Mucous  membrane  of  bronchi  con- 
gested. Blood-vessels  normal.  Bronchial  glands  slightly  enlarged  and  pig- 
mented, free  from  calcareous  deposits  or  caseation. 

Liver,  free  from  adhesions,  not  enlarged,  soft.  Capsule  smooth,  section 
yellowish-brown  or  red  in  color,  very  cloudy. 

Gall-bladder,  normal,  common  duct  patent. 

Spleen,  free  from  adhesions,  moderately  enlarged,  firm  (due  to  hardening 
fluid?),  capsule  smooth,  trabeculae  not  increased,  Malphigian  bodies 
swollen,  pulp  increased. 

Kidneys. — Fatty  capsule  small  in  amount;  fibrous  capsule  strips  off  easily; 
surface  smooth.  Cortex  normal  in  amount;  markings  distinct;  glomeruli 
visible;  medulla  and  pelvis  normal.     Ureters,  normal. 

Pancreas,  normal. 

Left  adrenal  gland,  enlarged,  soft,  and  on  section  contains  a  pea-sized 
cavity,  the  walls  of  which  are  of  a  dark  brown  color  and  caseous,  con- 
taining a  small  quantity  of  dark  brownish-red  fluid  of  viscid  consistence. 

Kight  adrenal  gland,  also  enlarged,  somewhat  firmer  than  normal;  on 
section  shows  a  number  of  difEuse  j-ellow  areas  suggestive  of  caseous 
material,  but  firmer  in  consequence  of  calcareous  deposits. 

itesenteric  glands  enlarged  and  caseous;  retroperitoneal  glands,  swollen  to 
twice  their  usual  size,  but  in  them  no  distinct  caseous  areas  can  be  made 
out. 

Aorta,  bladder,  prostate,  oesophagus,  stomach,  tongue,  epiglottis,  vocal 
cords  and  larj-nx,  normal.  Trachea  moderately  congested.  Thyroid 
normal. 


Intestine. — Xo  adhesions.  A  noticeable  thickening  of  the  wall  be- 
comes apparent  in  the  upper  third  of  the  ileum,  the  change  from  the 
normal  intestine  to  the  thickened  ileum  being  so  gradual  as  to  be 
scarcelj'  perceptible.  Where  the  change  occurs  the  intestinal  wall  feels 
harder,  stiffer,  until  finally  at  the  middle  third  of  the  ileum  the  gut 
becomes  a  cylindrical  tube,  with  non-collapsible  walls  of  firm,  hard, 
resistant  tissue.  At  a  point  corresponding  to  about  the  junction  of  the 
upper  and  middle  thirds  of  the  ileum  the  wall  measures  from  4  to  7  mm. 
in  thickness.  Passing  downward,  the  thickening  rapidly  becomes  more 
evident,  especially  in  the  last  half  metre  of  the  small  bowel,  where  the 
wall  measures  1  cm.  in  thickness.  The  cacum  is  thickened  also  and 
bound  dovra  laterally  to  the  abdominal  wall  by  old  fibrous  adhesions. 
Here  the  thickness  of  the  wall  measures  2.7  cm.  The  ileocolic  valve  is 
thickened  and  rather  rigid,  and  shows  no  loss  of  substance.  The  ascend- 
ing colon  presents  an  appearance  similar  to  the  other  thickened  intes- 
tine, but  measures  not  over  1.2  cm.  near  the  csecal  end,  and  at  the 
hepatic  extremity  only  0.75  cm.  The  transverse  colon  measures  about 
the  same  (0.75  cm.);  finallj',  the  descending  colon  imperceptibly  dimin- 
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ishes  iu  tliickness  to  the  sigmoid  flexure,  where  the  bowel  again  assumes 
its  normal  proportions.     The  rectum  is  normal. 

On  section  the  thickened  portions  are  resistant  to  the  knife,  and 
grey  or  whitish  in  color.  The  thickening  is  quite  uniform  in  all  parts 
of  the  circumference  of  the  intestine,  except  in  the  crecum,  where  it  is 
most  pronounced  posteriorly;  here  the  thickness  being  fully  1  cm. 
greater  than  anteriorly.  To  the  naked  eye  the  walls  seem  to  be  largely 
fibrous.  Xo  tubercles  or  caseous  areas  are  visible.  The  lumen  is 
entirely  patent  at  all  points,  being  quite  normal  in  the  ileum  except  in 
the  lower  half  metre,  where  it  appears  reduced  by  about  one-third. 
This  narrowing  of  the  lumen  continues  until  the  transverse  colon  is 
reached,  whence  the  diameter  gradually  becomes  more  and  more  normal 
as  the  sigmoid  is  approached.  The  cfficum  is  free  and  the  circumference 
of  its  lumen  is  13.4  cm.;  that  of  the  ileum  one-half  metre  above  the 
ileocEecal  valve  is  7  cm. ;  that  of  the  ascending  colon  9  em. 

The  mucous  membranes  of  the  duodenum  and  jejunum  are  bile- 
stained  and  smooth  and  normal  in  appearance.  In  the  ileum  the 
mucous  membrane  seems  pale,  and  everywhere  appears  free  from  ulcera- 
tion. The  same  is  true  of  the  remaining  length  of  the  canal.  Now 
and  again  swollen  solitary  follicles  may  be  seen  in  the  small  and  large 
intestine;  Peyer's  patches  appear  unaffected.  Beginning  in  the  middle 
of  the  ileum  the  mucosa  becomes  thicker  and  thicker  until  the  ileocecal 
region  is  reached;  in  the  ceecum  and  ascending  colon  it  appears  about 
the  same  and  thereon  becomes  gradually  normal. 

The  most  conspicuous  feature  of  the  mucosa  is  the  presence  of  nu- 
merous papillomatous  masses,  rather  clubbed  in  form.  They  are  most 
abundant  in  the  lower  ileum,  caecum  and  part  of  the  ascending  colon, 
where  the  largest  attain  as  much  as  8  mm.  in  length,  the  average  size 
being  about  4  or  5  mm.  They  are  freely  movable  but  rather  rigid 
masses  of  tissue  with  narrow  pedicles.  They  appear  to  be  covered  with 
normal  mucous  membrane.  In  the  csecum  and  ileimi  they  are  most 
numerous  and  quite  closely  aggregated;  in  the  remaining  portions  they 
appear  more  discrete. 

The  peritoneal  surface  is  everywhere  smooth  -ndthout  evidence  of  old 
peritonitis,  and  shows  no  visible  tubercles. 

Microscopic  Examination. — The  tissues  were  placed  in  95  per  cent 
alcohol,  Orth's  fluid,  and  Miiller's  fluid.  The  sections  were  stained  with 
hsematoxylin  and  eosiu,  picric  acid  fuehsin,  and  by  Weigert's  modifica- 
tion of  Gram's  stain.  For  staining  the  tubercle  bacilli  several  methods 
were  employed,  those  of  Ziehl-Neelsen  and  Kiihne  being  particularly 
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used;  the  procedures  of  Letulle  "  and  Hauser"  were  also  used  with 
good  results.  All  of  these  methods  were  utilized,  particularly  with  sec- 
tions of  the  thickened  intestine. 

The  histological  examination  of  the  various  organs  confirmed  in  the 
main  the  classification  of  the  autopsy  findings. 

Sections  of  the  heart  showed  a  moderate  degree  of  hrown  atrophy  of 
the  muscle;  the  pericardium  and  endocardium  presented  no  change, 
and  the  cardiac  blood-vessels  were  normal. 

The  lungs  were  moderately  emphysematous,  and,  where  not  con- 
solidated, showed  considerable  oedema  with  a  fair  amount  of  desquama- 
tion of  the  alveolar  epithelium.  Few  red  corpuscles  and  leucocytes 
were  present.  Sections  from  the  right  htver  lobe  showed  complete  con- 
solidation by  an  exudate  almost  wholly  of  polymorphonuclear  leucocytes; 
a  small  amount  of  fibrin,  occasional  desquamated  cells,  some  granular 
material,  and  now  and  again  a  red  blood-cell  made  up  the  remainder. 
On  the  mucous  membrane  of  the  bronchi  was  a  small  amount  of  granular 
material  containing  a  few  desquamated  cells  and  leucocytes.  The  blood- 
vessels contained  much  blood  in  which  a  distinct  and  marked  leucocy- 
tosis,  poljTnorphonuclear  in  type,  was  discernible. 

The  liver  showed  albuminous  degeneration,  with  here  and  there  some 
fatty  cells.  The  spleen  contained  considerable  blood,  apparently  lying 
free  between  the  pulp  cells;  the  Malpighian  bodies  showed  a  lymphoid 
increase.  Here  and  there  within  the  cortex  of  the  Mdney  tracts  of 
round-cell  infiltration  were  apparent,  and  the  cells  of  the  convoluted 
tubules  were  swollen  and  granular.  The  tufts  showed  occasional  thick- 
ening of  Bowman's  capsule.  In  the  medullary  portion  a  few  areas  of 
round  cell  infiltration  were  also  detected.     Tubercles  were  absent. 

jMany  sections  of  these  organs  — heart,  spleen,  lungs,  liver  and  kid- 
neys, but  especially  of  the  consolidated  lung  and  the  kidneys — were 
stained  for  tubercle  bacilli,  but  none  could  be  demonstrated.  In  sec- 
tions of  the  pneumonic  lung  stained  by  Weigert's  method  wore  demon- 
strated a  fair  number  of  small  round  cocci  often  in  chains  {Streptococcus 
pyogenes?),  and  here  and  there  among  the  cells  large  oval  cocci  arranged 
in  pairs  (Micrococcus  lanccolatvs?). 

The  adrenals  and  the  mesenteric  lymph  nodes  presented  numerous  tu- 
bercles and  areas  of  caseation.  Here  tubercle  bacilli  were  quite  abund- 
ant. The  retroperitoneal  glands  showed  IjTnphoid  hyperplasia  and  a 
few  microscopic  tubercles.     Tubercle  bacilli  were  present. 

"  Hull,  de  la  Soc.  anal,  dc  Paris,  vii  p.  329. 
"  Comptes  rend.  Nor.  de  hiuloi/ie,  1808,  p.  1003. 
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The  submucous  tissue  of  the  stomach  showed  some  round-cell  infiltra- 
tion which  in  places  penetrated  into  the  muscular  layers.  No  tubercle 
bacilli  could  be  demonstrated  within  this  tissue. 

The  histological  lesions  of  the  intestine  are  described  more  fullv. 
(See  figure  in  the  text.) 
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Section  of  the  ileum  in  its  lower  tliinl,  sliowin^'  the  liistoloiiical  features  ol:  the 
hyperplastic  tuberculous  intestine  in  the  parts  but  moderately  affected.  The  topo- 
graphical and  morphological  details  of  two  papillomatous  processes  are  seen.  (I  am 
indebted  to  Dr.  John  H.  Larkin  for  this  drawing.) 

IxTESTiXE. — Xaked-eye  examination  or  study  with  the  hand  lens  of 
the  stained  sections  of  the  intestine  show  two  distinct  portions,  one 
taking  the  nuclear  dye  very  strongly  and  including  the  mucous  mem- 
brane and  submucosa,  the  other  staining  much  lighter  and  made  up  of 
the  remaining  layers. 
3 
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When  examined  \yith  the  low  powers  the  mucosa  shows  considerable 
thickening,  about  four  or  five  times  beyond  the  normal.  In  some  places 
this  is  more  marked  than  in  others;  it  is  most  striking  in  the  lower  ileum 
and  the  caecum.  The  epithelium  generally  shows  little  change;  in 
places  it  is  covered  with  granular  material  and  broken-down  cells,  or 
some  of  the  superficial  cells  are  necrotic.  Changes  of  this  nature  are, 
however,  strictly  limited  to  the  surface.  Many  sections  from  the  small 
and  large  intestine  were  studied,  but  nowhere  could  any  solution  of 
continuity  of  the  mucous  membrane  be  demonstrated.  The  glandular 
cells  present  no  noteworthy  change.  The  tunica  propria,  however, 
shows  great  increase  in  thickness  owing  to  massive  infiltration.  When 
studied  with  higher  powers  this  tissue  is  seen  to  be  almost  wholly  made 
up  of  closely  packed,  small  round  cells,  taking  the  nuclear  stain  deeply. 
Here  and  there  oval,  verj'  few  polyhedral,  and  some  spindle  cells  are 
sprinkled  among  the  small  round  cells.  So  great  is  this  cellular  infiltra- 
tion that  the  gland  structures  have  been  pushed  well  apart;  this  has 
apparently  caused  diminution  of  their  number.  Occasionally  wide 
interglandular  spaces  may  be  filled  with  connective  tissue  of  the  adult 
type  in  which  a  few  round  cells  may  be  found. 

The  fibres  of  the  muscularis  mucosre  have  been  widely  separated  in 
places;  at  some  points  the  cellular  strands  pass  directly  through  this 
layer,  having  evidently  completely  destroyed  the  muscle  fibres  at  these 
points.  On  the  whole  this  layer  is  but  moderately  increased  in  thick- 
ness. 

The  papillomatous  outgrowths  noted  at  the  autopsy  present  several 
points  of  interest.  They  are  directly  continuous  with  the  submucous 
layer  and  present  the  same  general  character  of  infiltration  observed 
there,  but  the  round-cell  accumulation  is  much  less  intense  and  the 
cellular  aggregations  more  discrete.  They  are  covered  by  an  epithelial 
layer  presenting  for  the  most  part  the  same  general  features  observed 
in  that  of  the  intestine  elsewhere.  The  number  of  unstripcd  muscle- 
fibre  bundles  distril)uted  in  loose  and  irregular  strands  is  very  striking. 
Just  beneath  the  glandular  layer  the  muscularis  mucosa;  may  be  seen 
as  a  narrow  strand  which  contains  few  round  cells.  Generally  speaking, 
where  studied  in  these  ingrowths,  this  muscle  layer  is  quite  compact, 
usually  considerably  less  abundant  than  normal  and  comparatively  free 
from  any  cellular  infiltration.  The  more  central  parts  of  the  papillary 
growths  consist  of  bundles  of  adult  connective  tissue,  rather  loosely 
arranged,  in  which  a  moderate  number  of  round  cells  are  discretely 
spread.  Among  and  between  these  connective  tissue  bands  may  be 
seen  numerous  strands  of  unstriped  muscle  tissue,  quite  variable  in  size 
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and  compactness.  The  distribution  is  erratic.  Frequently  some  round 
cells  may  be  seen  in  these  strands,  to  some  extent  separating  the  fibres, 
but  this  is  never  considerable.  No  tubercles,  necrosis  or  giant  cells 
were  observed.  As  the  submucosa  is  approached  the  muscular  tissue  be- 
comes less  evident,  and  the  fibrous  tissue  and  round  cells  become  more 
abundant.  The  muscularis  mucosae  becomes  thinner,  and  is  continuous 
with  that  above  the  submucosa  proper.  The  whole  process  becomes  less 
marked  as  the  general  level  of  the  intestine  is  approached. 

In  the  submucosa  the  accumulations  of  round  cells  are  rather  diffuse, 
or  compact,  often  enough  massed  around  blood-vessels.  In  some  places 
this  cellular  increase  completely  masks  the  adult  fibrous  tissue.  How- 
ever, this  is  somewhat  irregular;  in  some  parts,  particularly  in  the 
ileum,  the  increase  of  adult  connective  tissue  appears  to  exceed  the 
infiltration  with  round  cells,  and  in  parts  of  the  caecum  iind  large  bowel 
the  same  is  true.  The  increase  of  round  cells,  however,  is  the  pre- 
dominating feature  in  almost  all  parts  of  the  diseased  intestine.  In 
places  the  submucosa  is  fully  five  to  eight  times  thicker  than  normal. 
Tubercles  were  not  found.  True,  in  some  places,  cells  of  an  epithelioid 
character,  intermingled  with  round  cells  were  present,  but  these  in  no 
wise  gave  the  impression  of  tubercles  or  of  tuberculous  tissue. 

The  outer  muscular  layers  of  the  intestine  present  different  appear- 
ances in  different  parts.  On  the  whole  they  are  everywhere  thickened 
in  the  affected  portions  of  intestine  in  the  cfeeum  and  colon,  being 
three  to  five  times  thicker  than  normal.  In  the  ileum,  on  the  other 
hand,  the  degree  of  thickening  is  variable.  As  the  caecum  is  approached, 
it  becomes  greater,  and  here  the  muscular  coat  may  be  twice  as  thick 
as  the  normal,  or  even  somewhat  more.  This  thickening  is  due  in  part 
to  muscular  hypertrophy  and  in  part  to  round-celled  infiltration,  by  far 
the  greater  part  being  attributable  to  increase  in  the  muscle  fibres;  the 
cellular  increase  plays  but  a  very  small  part  in  this  thickening  of  the 
muscle.  Round-cell  infiltration  is  not  present  in  all  parts  of  the  in- 
testinal muscle;  for  instance,  in  the  ileum,  except  near  the  caecum,  it 
is  almost  entirely  absent  in  this  zone.  When  present  the  cells  are 
either  aggregated  in  small,  irregular  areas,  when  the  muscle  fibres  are 
pushed  apart  or  destroyed,  or  arranged  along  the  course  of  blood-vessels. 
No  increase  of  adult  connective  tissue  was  observed  in  this  layer. 

The  subserosa  is  uniformly  thickened,  partly  by  diffuse  infiltration 
with  round  cells  and  partly  by  increased  adult  connective  tissue.  The 
thickening  is  in  places  three  times  the  normal.  The  blood-vessels  here 
appear  for  the  most  part  nonnal,  although  often  enough  round  cells 
exist  along  their  course.     Thick  bands  of  fibrous  tissue,  in  which  some 
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round  cells  are  present,  pass  inward  from  the  subserosa  as  far  as  the 
inner  muscle  la\"er,  thus  separating  the  bundles  of  the  outer  layer  to  a 
considerable  extent. 

The  blood-vessels  throughout  the  ditferent  layers  are  generally  nor- 
mal, but  some  thickening  of  the  coats  was  sometimes  noticeable. 

Many  sections  from  different  levels  were  stained  by  several  methods 
for  tubercle  bacilli.  These  bacilli  were  present  in  enormous  numbers 
in  the  epithelial  layer  of  the  lower  ileum,  ciecum  and  ascending  colon, 
often  20  to  40  in  a  field  (Leitz,  oc.  3,  oil  immersion  1/12).  Higher  up 
in  the  ileum  and  in  the  rest  of  the  colon  this  layer  contained  only  a 
few  or  none.  The  papillomatous  outgrowths  likewise  contained  only 
a  few  bacilli.  In  the  submucosa  tubercle  bacilli  were  present  in  large 
numbers  in  the  same  regions  in  which  they  were  abundant  in  the 
epithelial  zone.  In  one  section  of  the  transverse  colon  where  the 
infiltration  was  unusually  great  I  was  able  to  find  a  few  in  the  outer 
muscular  layer;  here  the  muscle  tissue  was  gone.  In  this  situation  the 
submucosa  was  qiiite  free  from  any,  so  far  as  I  could  make  out.  Many 
short  thick  bacilli,  which  readily  decolorized  by  Gram's  method,  were 
also  present  in  the  mucous  membrane  (Bnrilhis  coli  communis?). 

PATHOLOGICAL    ANATOMY. 

Although  subject  to  considerable  variations,  hyporplastic  tubercu- 
losis of  the  intestine  presents  a  fairly  definite  pathological  pictui'c,  and 
on  the  whole  exhibits  certain  features  more  or  less  characteristic  of 
the  process.  The  tumor-mass  may  attain  great  proportions  and  bear 
a  striking  macroscopic  resemblance  to  carcinomatous  disease,  but  the 
microscopic  examination  reveals  the  true  nature  of  the  disease. 
The  most  frequent  scat  of  the  affection,  as  already  pointed  out,  is  the 
ileocsecal  region;  the  rectum,  apparently,  comes  next  in  order  of 
frequency.  Instances  of  limitation  of  the  process  exclusively  to  the 
small  intestine  are  very  rare.  Fur  purposes  of  distinction  and  con- 
venience the  jiathology  of  the  condition  is  considered  in  the  order  of 
its  anatomical  distribution. 

Ileocwcal  Begion  and  Colon. — For  the  most  part  located  outside  the 
true  pelvis  in  the  right  iliac  fossa  these  hyperplastic  masses  begin  as 
small,  more  or  less  circumscribed,  well-defined  growths,  rather  nodular 
in  form.  In  its  fullest  development  the  disease  present."?  a  tumor 
which  may  attain  the  diameter  of  8  to  13  cm.     Sachs"  lias  seen  a 

'*  RefcreiiceB  to  niitliors  already  cited  will  not  be  rci>eated. 
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specimen  measuring  10  by  12  cm.  in  diameter.  More  often  the  size 
is  much  less.  Tlie  process  implicates  the  entire  wall  of  the  intestine 
in  an  annular  fashion;  but  exceptions  to  this  have  occasionally  been 
noted.  For  instance,  Richelot'"  has  seen  an  example  in  which  the 
growth  was  situated  on  the  posterior  surface  of  the  c£ecum. 

It  is  uncommon  to  find  the  mass  entirely  fi-ee  from  adhesions  and 
movable;  more  often  fibrous  adhesions  bind  it  to  the  abdominal  wall 
posteriorly,  sometimes  to  coils  of  intestine  and  other  surrounding  tis- 
sues. This  may  assume  such  proportions  as  to  render  operative 
interference  impossible,  as  in  Koerte's  case.  Adhesions  to  the  anterior 
abdominal  wall  are  not  the  rule.  Occasionally  the  omentum  becomes 
implicated.  This  has  been  observed  by  Routier""  and  Tedenat;"  or 
again,  as  in  Czerny's  case,  the  ureter  may  be  involved  by  the  im- 
pinging new  growth.  Coquet  has  described  a  case  in  which  the 
csecum  was  adherent  to  the  right  kidney  by  a  band  of  dense  fibrous 
adhesions.  In  a  case  reported  by  Pantaloni  the  tumor  was  adherent 
to  the  urinary  bladder. 

In  the  caecal  type  the  hyperplastic  process,  as  a  rule,  is  limited  to 
the  csecum  and  immediately  adjoining  structures.  Rarely,  however, 
quite  independently  of  ileocsecal  involvement,  the  transverse  colon 
(Koenig,  Eiselsberg,  Esmarch)  may  alone  be  implicated.  In  the 
case  reported  by  Claude  the  csecum  and  ascending  and  descending 
colon  were  affected,  while  the  transverse  colon  escaped.  In  a  case 
observed  by  Caussade  and  Charrier  the  tuberculoiis  process  was 
limited  to  the  sigmoid  flexure.  Involvement  of  the  entire  large 
bow-el  may  occur  (Pilliet  and  Thiery);"'  or,  as  in  our  own  case,  the 
process  may  affect  the  greater  part  of  the  large  and  small  intestine; 
this  is,  however,  most  unusual. 

In  the  csecal  type,  the  tumor  formed  in  great  part  of  fibrous  tissue 
infiltrated  with  a  quantity  of  fat  is  often  further  enlarged  by  the 
presence  of  numerous  lymphatic  glands,  some  merely  swollen,  others 

"  Tuberculose  du  ciecuni.  Resection  partielle ;  guerison.  Hull,  et  mhn.  Soc.  de 
chir.,  1892,  p.  236. 

""Vide  Coquet,  op.  cit.,  p.  28. 

"Vide  Itie,  op.  cit.  i>.  12. 

'■•'Contribution  a  I'^tude  de  la  tuberculose  locale  du  Cifcuiu.  Proyres  mid.,  1S94,  2. 
s.,  XX,  p.  40S. 
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actually  caseous.  A  few  instances  of  considerable  lymphatic  exten- 
sion have  been  observed ;  in  one  as  high  as  the  pancreas ; "'  and  in 
another,  reported  by  Anscher,"  the  chain  of  implicated  glands  ran  up 
along  the  aorta,  reaching  finally  to  the  subclavicular  group.  Descend- 
ing glandular  involvement  has  been  noted  in  one  instance;  Coquet 
found  the  glands  in  the  groin  and  Scarpa's  triangle  enlarged  iu  one  of 
his  cases. 

The  appendix  vermiformis  generally  escapes  the  tuberculous  pro- 
cess, although  it  is  conmionJy  found  embedded  iu  adhesions.  Some- 
times it  presents  the  ordinary  lesions  of  simple  tuberculous  ulceration, 
caseous  abscess,  or  miliary  tubercles,  or  it  may  be  almost  completely 
lost  in  the  new  tissue  and  be  represented  only  by  a  small  finger-like 
cavity  (Itie).  Occlusion  and  dilatation  of  the  lumen  have  been  noted; 
in  one  case  observed  by  Thiery  and  Koutier,"  the  appendix  took  part 
in  the  hyperplastic  tuberculous  process.  In  Hartmann's  case  the 
appendix  was  dilated.'"' 

The  most  striking  and  conspicuous  feature  of  the  disease  is  the 
extremely  thickened  intestinal  wall,  which  is  often  surrounded  by  a 
fibro-adipose  adherent  mass,  which  sometimes  may  be  peeled  or 
stripped  from  tJie  intestine  proper.  "  Very  far  from  producing,  as 
in  other  varieties  of  tuberculous  ulceration  of  the  intestine,  a  thinning 
of  the  walls  at  this  level,  this  special  form  is  characterized  by  a  very 
marked  thickening  of  the  tunics,  and  moreover  there  is  deposited 
around  the  csecum  a  thick  and  resistant  sclero-adipose  mass  which 
gives  the  impression  of  a  neoplasm  "  (Ilartmann  and  Pilliet).  The 
wall  of  the  intestine  feels  firm,  and  is  of  a  whitish  or  grayish  color, 
occasionally  studded  'w^th  yellow  points  owing  to  the  presence  of 
caseoiis  tubercles,  and  somewhat  irregular  in  thickness;  here  and 
there  points  of  cicati'icial  contraction  are  apparent.  The  contour  is 
consequently  somewhat  irregular,  at  other  times  almost  cylindrical  in 
form.  The  thickness  of  the  wall  varies  from  0.5  to  3  cm.  In  one 
instance  reported  by  Tedenat  the  tliickness  was  5  cm. 

"'I'illiet.     Typlilite  tubeiculeuse  chronuiue.     Hull.   Soc.   iinal.  <le  Paris,  1891,  v,  p. 

6:»;. 

"Sue.  aiial.,  Nov.  29,  1895. 

"  Cited  from  Caussade  and  Charrier. 

"Tiiberculose  ca'calc.     JSull.  Soc.  anal,  de  Pariii,  1S92,  vl,  p.  1.57. 
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aSTarrowing  of  the  lumen  at  one  or  more  places  is  almost  constant 
in  this  class  of  cases;  in  most  instances  this  amounts  to  actual  stenosis; 
the  cavity  of  the  cfecum  may  be  almost  wholly  obliterated.  In  the 
case  reported  by  Caussade  and  Charrier  and  my  own,  no  such  stenosis 
was  present  at  or  near  the  ileocsecal  valve,  where  it  is  almost  invariable 
and  greatest.  The  valve  itseK  is  increased  in  thickness  and  rigid  from 
the  growth  of  new  fibrous  tissue.  In  a  majority  of  instances  the 
valve  exists  only  as  an  obturating  memln-ane.  It  may  be  lost  in 
a  mass  of  fibrous  tissue,  in  which  a  few  superficial  ulcers  with  polypoid 
outgrowths  are  present  (Itie,  Obs.  I).  The  stricture  may  be  annular, 
canalicular,  or  funnel-shaped,  and  is  usually  sufficiently  marked  to 
induce  chronic  intestinal  obstruction  as  one  of  the  clinical  features. 
It  may  involve  the  whole  length  of  the  diseased  gut,  but  some  places 
are.  more  contracted  than  others,  especially  the  ileocolic  junction. 
Occasionally  the  stricture  is  almost  complete;  it  may  be  such  that  the 
caecum  scarcely  admits  the  little  finger.  Becker  °'  states  that  in  his 
case  water  escaped  from  the  constricted  bowel  only  in  drops;  in 
Suchier's  case  it  was  even  very  difficult  to  detect  the  intestinal  lumen. 

The  stenoses  are  produced  in  one  of  two  ways:  either  by  cicatricial 
contraction  of  tuberculous  ulcei-s  in  the  mucous  membrane  or  by 
hyperplasia  of  the  tissues  of  the  wall ;  certain  polypoid  growths,  already 
described  in  the  record  of  my  own  case,  also  help  such  a  formation. 
Multiple  strictures  are  occasionally  seen:  Frank '^  found  two,  one  in 
the  ileum  and  the  other  in  the  ascending  colon;  and  Czerny  one,  a 
short  distance  from  the  valve,  in  the  ileum.  Out  of  eighty-one  cases 
analyzed  by  Conrath,  strictures  elsewhere  than  in  the  csecum  were 
found  seven  times,  '\^^lenever  the  strictures  are  multiple,  the  inter- 
vening portions  of  gut  usually  appear  normal,  with  the  exception 
perhaps  of  ulceration,  but  the  lumen  is  here  generally  dilated. 
Bezangon  and  Lapointe  have  seen  one  case  in  which  four  constric- 
tions were  present:  one  just  above  the  esecum,  the  second  at  the 
hepatic  flexure  of  the  colon,  the  third  at  the  left  extremity  of  the 
transverse  colon,  the  last  above  the  rectal  ampulla.     Monnier  reported 

«■  Ueber  Darmresectionen.     Deiilxclie  Zeitsrh.  f.  C/iir.,  1S94,  xxxix,  p.   148. 
«»m«n.  klm.  Woch.,  1893,  xxxiii,  p.  1846. 
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another  ease  with  multiple  stenoses.  Strictures  are  not  always  pres- 
ent, as  is  shown  by  my  owna  case  and  Claude's  (tuberculose  hypertro- 
phique  non  stenosante  of  this  writer). 

In  the  cases  with  formation  of  ulcers  the  condition  is  merely  one  of 
association  of  simple  tuberculous  enteritis  with  the  hyperplastic  pro- 
cess. Compensatory  hypertrophy  of  the  ileum,  often  associated  with 
dilatation  and  induration,  follows  as  a  result  of  the  resistance  to  the 
progress  of  the  intestinal  contents.  As  insisted  upon  by  almost  all 
who  have  studied  this  class  of  lesions,  this  hyperplasia  in  the  wall  of 
the  caecum  is  not  brought  on  by  the  constriction;  this  is  well  shown 
by  Caussade  and  Charrier's  case,  in  which  the  caecum  was  dilated 
and  there  was  no  apparent  stricture  at  any  point. 

The  mucous  membrane  always  presents  features  of  considerable 
importance  and  interest.  Early  in  the  disease  the  mucosa  may  present 
little  change.  It  is  tliickened,  usually  studded  with  ulcers  aud  some 
tubercles.  These  may  involve  a  considerable  length  of  the  colon  and 
lower  ileum,  as  in  the  cases  of  Pilliet  and  Thiery,  and  Czerny. 
Cases  have  been  reported  in  which  the  mucosa  appeared  intact  mac- 
roscopically  in  well-develoi)ed  forms  of  the  disease.  Such  examples 
have  been  reported  by  Sachs,  Hofmokl,"  and  Goschel;'"  in  my  own 
case  no  solution  in  the  continuity  of  the  mucous  membrane  could  be 
made  out  anywhere,  although  a  careful  search  was  made  both  macro- 
scopically  and  microscopically." 

Polypoid  and  papillomatous  formations  arc  striking  features;  they 
vary  in  appearance  according  to  the  cases.  These  structures  are  very 
constant  and  constitute  one  of  the  most  interesting  and  characteristic 
of  the  gross  lesions.  They  are  very  numerous  and  quite  variable  in 
size,  being  longest  at  the  margin  of  ulcers.  The.se  structures  occur, 
on  the  one  hand,  in  the  form  of  small  pedunculated  ingrowths;  and 
on  the  other  hand,  instead  of  these  small  masses,  or  often  beside  them, 
there  may  be  large  sessile  nodules  or  true  polypoid  tumors  sometimes 

«»  Wien.  kliu.   Woch.,  1890,   iii,  p.  S78. 

■"  Eiu  wegen  tuberculiiser  Strictiir  resccirtes  Darmstiick.  Munch,  med.  Jt'ocA.,  1895, 
xlii,  p.  2.">1. 

"  In  Crowdcr'scase  tlie  mucous  membrane  of  tbe  hyperplastic  portion  was  similarly 
free  from  ulceration;  inasmuch  as  the  bowel  could  not  be  examined  in  all  its  parts  it 
is  impossible  to  exclude  ulceration  in  tlie  portions  above  or  below  the  section  removed 
at  opvratiiin  and  examined. 
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reaching  the  size  of  a  hazelnut  fPilliet  and  Thiery).  They  may  have 
long,  slender  pedicles.  The  thickened  mucosa,  in  some  cases,  is  simply 
thrown  into  transverse  folds;  such  a  condition  has  been  reported  by 
Caussade  and  Charrier. 

In  the  midst  of  these  ingrowths  opaque,  white  or  yellowish  white, 
sharply  circumscribed  areas  appear  here  and  there;  these  are  caseous 
foci,  2  to  3  mm.  in  diameter,  ordinarily  located  in  the  submucosa. 
These  caseous  foci,  although  visible,  are  usually  separated  from  the 
lumen  by  the  layer  of  glands;  but  they  may  also  communicate  with 
the  lumen  by  a  small  crater-like  opening.  In  many  cases  such  foci 
are  altogether  absent. 

Ulcers  are  rarely  absent  in  all  portions  of  the  mucosa;  if  none  are 
visible  it  does  not  necessarily  follow  that  they  are  absent;  they  may 
well  be  hidden  by  the  folds  of  the  reduplicated  mucous  membrane. 
The  ulcers  are  of  various  sizes  and  forms,  leaving  areas  of  intact 
mucous  membrane  between  them  as  in  ordinary  tuberculous  enteritis 
with  ulceration.  Sometimes  they  are  reduced  to  mere  crevices  in 
the  mucosa  but  more  often  they  attain  gi-eater  proportions  and  are 
usually  annular  in  fonn.  Occasionally  one  sees  ulcers  of  considerable 
size  and  curious  aspect. 

Tuberculosis  of  the  mesenteric  lymph  nodes  with  or  without  casea- 
tion is  the  rule.  A  like  affection  of  the  adrenals,  as  in  the  present 
case,  is  rare.  Pulmonary  tuberculosis  is  often  secondary  to  the  intes- 
tinal lesion  in  this  class  of  cases. 

Bectum. — For  years  hyperplastic  tuberculosis  of  the  rectum  has 
been  confused  with  syphilis  of  this  viseus.  Recent  studies  have 
thrown  considerable  light  on  the  whole  question.  We  are  particularly 
indebted  to  Sourdille"  for  having  directed  attention  in  1895  to  this 
form  of  disease.  Since  then  Tedenat,"  Lapointe,'*  and  Bezan^on  and 
Lapointe  have  further  elaborated  the  same  theme. 

In  a  general  way  the  lesions  presented  are  similar  to  those  obsex-ved 
elsewhere  in  the  intestine  and  which  have  already  been  described. 

'■- Retrecissements  cylindriques  du  rectum  d'origine  tuberculeuse.  Arch.  gen.  de 
Died.,  1895,  i,  pp.  .5.31  ;   697,  li.  p.  44. 

"Vide  Aules,  These  de  Montpellier,  1896. 

'■"Lapointe,  Traitement  des  retrecissements  non  congenitaux  du  rectum.  Tlicse  de 
P.iris,  1S9T. 
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The  hyperplastic  process  is  commonly  observed  as  a  cylindi-ical  thick- 
ening of  a  segment  of  the  rectum;  caseous  masses  are  not  common. 
Tubercles  may  or  may  not  be  present.  The  number  of  cases  thus  far 
reported  is  still  small;  in  1897  Lapointe  had  succeeded  in  collecting 
but  nine  reports. 

Small  Intestine. — Hyperplastic  tuberculosis  of  the  small  intestine 
is  rare.  Here  it  is  not  so  often  a  question  of  those  large  tumor 
masses,  so  easily  mistaken  for  carcinoma;  the  growth  is  ordinarily 
more  limited  and  less  voluminous.  Nevertheless,  the  other  features 
of  the  patliological  and  clinical  pictures  are  present;  even  com- 
plete stenosis  has  been  observed.  Although  the  lesion  of  the  small 
intestine  may  exist  without  csecal  disease,  it  is  oftener  found  that  the 
two  are  concomitant.  In  a  few  instances,  howevei",  the  hyperplastic 
tuberculous  disease  has  been  confined  to  the  ileum,  the  part  near 
the  csecal  end  being  affected. 

In  a  case  reported  by  Guinard,  there  were  four  stenoses;  the  bowel 
was  thickened,  and  the  lumen  "  dilated  to  the  point  of  resembling  the 
stomach."  Perhaps  the  best  example  of  the  limitation  of  the  affection 
to  the  small  intestine  is  that  reported  by  Pantaloni,  where  the  ileum 
was  affected  for  a  distance  of  12  cm.,  the  calibre  of  the  bowel  being 
reduced  by  one-half. 

When  the  stenosis  is  marked,  the  portion  of  intestine  above  this 
point  is  apt  to  show  hypertrophy  of  the  muscle  tissue,  and  possibly 
some  dilatation.  Below  the  stricture  atrophy  and  thinning  of  the 
walls  may  occur. 

MICROSCOPIC    I.ESIOXS. 

These  are  essentially  an  admixture  of  purely  tuberculous  and  simple 
inflammatory  lesions.  The  jjicture  necessarily  varies  much  according 
to  the  anatomical  distribution  of  the  lesions  and  the  character  of  tissue 
changes  induced  by  the  tubercle  bacillus  or  its  products,  and  secondary 
infections. 

The  mucous  membrane  presents  diverse  alterations,  according  to 
the  place  examined.  It  is  usually  much  thickened,  sometimes  measur- 
ing as  much  as  1  cm.  The  epithelium  when  preserved  is  usually 
normal.     Here  and  there  a  few  of  the  cells  mav  have  lost  their  stain- 
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ing  properties.  Elsewhere  losses  are  perhaps  apparent.  The  glands 
of  Lieberkiihn  are  absent  when  ulceration  exists,  rarely  in  other 
places.  Many  of  the  cells  may  have  undergone  mucoid  or  cystic 
degeneration. 

The  papillomatous  outgTowUis  of  the  mucous  membrane  are  cov- 
ered with  epithelial  tissue,  which  has  been  thickened  by  round- 
cell  infiltration.  Tubercles  may  be  found  in  them  or  in  the  sub- 
mucosa  at  their  base.  These  polypoid  masses  are  generally  continuous 
with  the  submucosa,  which  is  often  densely  sprinkled  with  round  cells; 
in  some  specimens  the  tissue  is  lai'gely  of  the  adult  connective-tissue 
type.     Unstriped  muscle  tissue  may  be  present  in  abundance. 

The  tunica  propria  is  likewise  considerably  thickened,  sometimes  as 
much  as  four,  five  or  more  times  beyond  the  normal.  This  is  due  to 
the  same  character  of  cellular  infiltration.  Sometimes  tubercles  may 
be  found  here.  The  muscularis  mucosae  may  be  missing  here  and 
there  where  ulceration  has  penetrated  to  the  submucous  layer.  The 
muscle  fibres  are  often  widely  spread  apart  or  even  destroyed  by  the 
infiltration  of  new  cells.  The  thickening  is  most  apparent  in  the  sub- 
mucosa where  the  fibrous  increase  is  very  marked.  Pilliet  states  that 
it  measured  1  cm.  in  his  specimen;  in  my  own  tlie  increase  was  also 
very  marked.  The  cell  infiltration  is  by  no  means  uniform  in  its 
distribution  or  histological  characters.  There  is  often  definite  patchy 
infiltration  with  intervening  areas  of  less  invaded  tissue.  The  cells 
are  mainly  of  the  round  type;  but  spindle  cells  and  much  basement 
substance  are  likewise  frequently  to  be  observed.  The  wealth  of 
blood-vessels  occasionally  seen  has  been  studied  particularly  by  Pilliet, 
and  more  recently  by  Chavannaz  and  Carriere.  The  latter  observers 
have  also  noticed  the  presence  of  small  haemorrhages. 

Tubercles  and  foci  of  tuberculous  granulation  tissue  may  be  present 
in  the  mucous  membrane;  when  present  they  are  never  very  numer- 
ous. The  majoi-ity  of  tubercles  are  found  in  the  submucosa.  Some 
may  be  caseous,  with  giant  cells  and  round  cells;  more  often  the 
tubercles  are  mere  aggregations  of  lymphoid  cells  in  which  one  or 
more  giant  cells  may  be  seen.  Epithelioid  cells  are  visually  absent. 
The  tubercles  may  be  aggregated  in  small  masses  of  sufficient  size  to 
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be  appreciated  by  the  naked  eye.  Many  show  little  tendency  to 
necrotic  change;  a  distinct  tendency  to  fibrous  transformation  is,  on 
the  other  hand,  apparent.  The  typical  histological  features  of  tuber- 
cle tissue  are  often  absent;  in  lieu  thereof  there  may  exist  a  diffuse 
embryonal  cell  infiltration,  at  times  capable  of  simulating  sarcoma 
(Pilliet);  Courtillier  applies  the  name  "lymphoid  tuberculosis"  to 
the  same  condition.  In  my  specimen  this  appearance  was  well  re- 
produced in  many  portions. 

The  muscular  coat  participates  in  the  general  thickening,  but  to  a 
less  degree  than  the  submucosa.  The  muscle  fibres  may  be  widely 
separated  by  considerable  cell  infiltration,  the  latter  located  particu- 
larly around  the  blood-vessels.  Occasionally  tuberculous  tissue  may 
be  seen  in  the  muscular  layers.  Eoutier  states  that  the  thickening 
in  his  specimen  was  due  largely  to  caseous  infiltration  of  these  layers. 
Disappearance  of  the  muscle  fibres  has  been  observed  in  one  case  by 
Bezangon  and  Lapointe. 

The  subperitoneal  layer  is  formed  of  fibrous  bauds  in  which  blood- 
vessels may  be  seen  showing  more  or  less  periarteritis  and  endarteritis; 
foci  of  roimd  cells  are  observed  in  places.  It  is  jjarticularly  this 
fibrous  increase  which  accounts  for  the  rigidity  of  the  intestine  in 
some  instances.  Now  and  then  tuberculous  foci  may  be  seen,  as  well 
as  some  adipose  tissue,  iluch  round-cell  infiltration  may  be  present 
without  any  definite  tubercles  (Pilliet  and  Thiery).  The  histological 
findings  in  my  own  case  confirm  this  statement. 

The  serosa  shows  few  changes  in  most  instances,  although  in  Ilart- 
mann  and  Pilliet's  case  it  was  four  times  as  thick  as  the  mucosa. 

Most  observers  agree  that  the  tubercle  bacilli  in  the  tif^sucs  are 
sc-anty;  sometimes  tliey  may,  however,  be  very  abundant,  as  in  Cans- 
sade  and  Charrier's  case  and  in  my  own.  In  my  spcciiucn  the  liiuilli 
were  limited  maiidy  tn  the  inner  layers,  Ixing  most  aliinidanl  in  the 
submucosa;  a  few  were  ]ire-ent  in  the  tunica  pnijiria.  ,.\nue  eouid  he 
demonstrated  in  the  siilij)erit(iiical  iay('r.<  or  serous  coat. 

KIlOI.IKiV     A,M)     rATUOOENF-SIS. 

Knowh'dge  of  tlie  etiologieal  factors  concerning  hyperphi-^tie  tiihei'- 
culosis  is  still  niisatist'actory.      The  wiiojc  suliject  seems  to  lie  wrapped 
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in  a  certain  amount  of  obscurity.  Certain  diseases  have  been  re- 
g-arded  as  having  served  as  predisposing  factors.  Thus  typhoid  fever 
the  ententides  of  infancy,  and  dysentery  are  supposed  to  be  particu- 
larly concerned  in  tins  way.  Whether  or  not  thev  are  to  be  held 
more  responsible  than  some  other  diseases  which  lower  the  oener^l 
vitality  of  the  individual  is  debatable;  at  all  events,  future  and  more 
extended  studies  alone  can  decide  this  point.  The  evidence  at  hand 
scarcely  justifies  the  conclusion  that  such  a  relationship  is  indisputable 
hex  evidently  plays  a  less  important  role  in  favoring  the  develop- 
ment of  the  disease  than  Benoit"  supposes.  This  observer  believes 
that  the  disease  is  more  common  in  women,  but  Itie's  figure-  of  a  total 
of  71  collected  cases  show  40  men  to  31  women.  Conrath  out  of  a 
total  of  77  cases,  found  36  men  and  41  women.  The  influence  of  sex 
then,  does  not  seem  to  be  very  definite.  The  middle  period  of  life' 
gives  the  greatest  number  of  cases.™ 

Occupation  may  have  some  influence,  for  instance,  such  as  may 
lead  to  frequent  traumatism  of  the  right  iliac  region;  too  much  stre- 
however,  should  not  at  present  be  laid  on  this  point. 
_  The  fact  that  pulmonary  tuberculosis  was  often  absent  in  this  affec- 
tion or  when  concomitant  usually  secondary  in  point  of  time,  was 
noted  by  those  earliest  interested  in  this  subject.  This  and  the  fre 
quent  hmitation  of  the  process  to  the  abdominal  viscera  naturally 
suggested  the  primary  nature  of  the  intestinal  tuberculosis.  Further 
investigation  has  shown  this  to  be  apparently  true  for  a  certain  number 
of  the  observed  cases.  But  even  when  the  clinical  history  seems 
chnchmg  enough  in  this  respect,  the  autopsy  often  shows  "  healed 
tuberculosis  "  of  the  lung.  For  this  reason  some  writers  do  not  con- 
cede the  primal  intestinal  origin  of  the  tuberculosis,  but  regard  the 
bowel  lesion  a.s  always  secondary  to  some  old  focus  in  the  lung  or 

IsL^Tv'sTll^'^'"''"'''^^'  chronique;   son  traitement   chirurgical.     Ga..  rf.,,  Adp., 
"Crowder,  (loc.  cit.)  gives  the  following  table: 

."t^",-  Male.  Female.  Total. 

11  to  20 4  7  jj 

21  to  30 10  14  ,>^ 

31  to  40 19  10  39 

41  to  50 3  0  g 

51  to  60 3  5  s 
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elsewhere.  Such  aiithors  think  that  the  occurrence  of  the  form  with 
subperitoneal  hyperplasia  furtlier  reinforces  their  interpretation;  they 
regard  this  type  as  siirely  indicative  of  a  hsematogenous  origin.  As 
a  matter  of  fact  such  metastasis  is  notoriously  rare  in  blood  infection. 
Coni-ath  assumes  that  a  revivcseence  of  latent  tuberculosis  in  mesen- 
teric glands  contributes  to  the  peritoneal  infection;  and  thence  by 
extension  the  subserosa  becomes  invaded. 

So  far  as  I  can  see,  the  case  which  I  have  herein  reported  is  definitely 
one  of  primary  intestinal  origin  in  the  adult.  Xot  only  were  evi- 
dences of  pulmonary  tuberculosis  entirely  wanting,  but  the  character 
of  the  visceral  tuberculosis  in  the  abdomen  tends  further  to  eoiitirm 
this  view." 

Primary  intestinal  tuberculosis  is  very  rare,  and  particularly  so  in 
the  adult:  the  investigations  of  almost  aU  pathologists  clearly  show 
this.  A  discussion  of  it,  however,  is  foreign  to  the  purpose  of  this 
paper.  For  the  same  reason  any  etiological  consideration  of  the  facts 
relating  to  intestinal  tuberculosis  in  general  has  been  omitted. 

Simple  ulcerative  enteritis  or  colitis  has  been  regarded  as  an  im- 
portant feature  in  the  early  genesis  of  the  disease.  Itie  has  particu- 
larly insisted  upon  this  point.  In  his  opinion  the  tubercle  bacilli 
more  readily  implant  themselves  upon  the  mucous  membrane  under 
these  conditions,  and  little  by  little  transform  an  inflammatory  process 
of  a  simple  nature  into  one  of  a  tuberculous  character.  The  belief  of 
Hartmann,  Pilliet,  and  Benoit  that  secondary  infections  induce  some 
of  the  changes  described  and  contribute  in  some  measure  to  the  pro- 
duction of  the  lesions  met  with  in  this  class  of  cases,  it  seems  to  me, 
will  in  time  receive  confirmation  in  the  results  of  investigations  in 
this  direction.  The  extent  to  which  these  factors  may  be  regarded  in 
the  pathogenesis  of  the  disease  is  uncertain;  they  probably  represent 
only  two  of  the  many  classes  of  conditions  whicli  one  might  conceive 
to  be  of  similar  significance.  That  previous  ulceration  is  not  always 
necessary  is  shown  by  the  case  of  Kirkoroff  '  and  my  o\\ni;  in  neither 

"  The  first  case  reported  by  Crowder,  doc.  cit.,  p.  671),  may  belong  to  this  class ; 
however,  as  no  post-mortem  control  exists  for  this  case  objection  may  very  properly 
be  raised  to  its  acceptance  as  snch.  Clinical  signs,  alone,  invite  too  many  errors  to 
be  accepted  in  this  consideration. 

'6  Kirkoroff.     Tubercnlose  de  I'intestin.     Arch.  riMws  de  path.,  Oct.  1898. 
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of  these  two  cases  was  am'  solution  of  continuity  demonstrable.  In 
the  case  reported  bv  me  this  was  true  for  both  the  naked  eye  exami- 
nation and  the  microscopic  study.  It  is  quite  true  that  although  no 
such  solution  could  be  established,  one  or  more  minute  losses  of  tissue 
might  exist  and  escape  detection.  But  the  passage  of  bacteria  through 
the  apparently  uninjured  mucosa  is  not  wholly  inconceivable ;  experi- 
mental investigations  by  Dobroklonski ''  and  the  writer  have  shown 
that  tubercle  bacilli  niight  easily  enough  traverse  the  healthy  mucosa 
of  the  intestine  of  rabbits  (leaving  it,  as  far  as  the  most  careful  studies 
show,  intact)  and  incite  tuberculosis  of  the  mesenteric  glands. 

The  frequency  with  which  the  lesion  is  localized  in  the  csecum  and 
rectum  is  probably  explicable  by  the  fact  that  stasis  is  favored  in  these 
regions,  giving  opportunity  for  implantation  of  the  tubercle  bacilli  on 
the  mucosa. 

The  chronicity  of  the  disease  and  low  grade  of  iuflammation 
observed  have  been  explained  in  various  ways.  For  my  own  part  I 
interpret  the  phenomena  by  assuming  an  infection  -with  attenuated 
tubercle  bacilli.  Whether  this  is  brought  about,  as  Hartmann  be- 
lieves, by  the  intervention  of  secondary  infections,  is  difficult  to  say. 
r  fancy,  however,  that  these  invasions,  when  they  occur,  may  have 
more  to  do  \vith  the  production  of  simple  inflammatory  lesions  than 
with  an  attenuation  of  the  tubercle  bacilli.  The  small  number  of 
bacilli  present  in  the  tissues  has  also  been  held  to  explain  the  chronic 
course  of  the  process. 

It  is  possible  that  bacilli  of  low  virulence  and  elaborating  but  small 
quantities  of  toxic  material  irritate  the  tissue  only  sufficiently  to 
stimulate  fibrous  hyperplasia,  the  irritant  being  insufficient  to  produce 
necrotic  lesions.  I  certainly  think  that  tliere  is  evidence  for  this  in 
the  case  of  the  tubercle  bacillus  and  Bacillus  pyocyaneus. 

Although  the  process  is  a  remarkably  slow  one,  progression  finally 
leads  to  tumor-formation  with  resulting  intestinal  obstruction  in  a 
large  proportion  of  the  cases;  from  this  the  patients  sink  gradually  to 
the  fatal  issue,  unless  surgical  intervention  is  invoked.  In  others  in 
which  no  stenosis  is  present  some  temiiiial  infection  usually  carries 
the  patient  off. 

■"  De  la  penetration  des  bacilles  tnberenleux  dans  I'organisme  :"i  travers  la  muqueuse 
intestinale.      Are?i.  de  nied.  exph:  el  d'anat.  path.,  ISOO,  ii,  p.  353. 
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Abscess  formation  is  net  common;  fistulae  have  been  present  in  a 
few  cases.  Extension  of  the  tuberculosis  to  the  peritoneum  is  simi- 
larly rare.  Whenever  the  disease  progresses,  it  is  by  way  of  the 
lymph  channels  ratlier  than  by  the  blood  current. 

SYMPTOJIATOLOGY. 

Wide  variations  in  the  clinical  picture  are  met  with  in  different 
eases,  determined  largely  by  the  location  of  the  tumor-mass  and  the 
point  of  stenosis.  The  symptomatology  of  hyperplastic  tuberculosis 
of  the  small  intestine  and  ileocsecal  region  will  be  considered  separately 
from  that  of  the  rectum,  the  clinical  features  of  the  process  in  these 
situations  being  sufficiently  distinct  to  permit  of  separate  treatment. 

Hyperplastic  Tvherculosis  of  the  Small  Intestine  and  Ueoccecal 
Begion. — The  onset  is  indefinite;  sometimes  it  seems  to  follow  some 
acute  disease  in  which  intestinal  lesions  were  present,  such  as  gastro- 
enteritis, dysentery,  or  typhoid  fever.  The  earliest  symptoms  are 
generally  referable  to  the  gastro-intcstinal  canal:  dyspepsia,  vomiting, 
and  some  pain  in  the  abdomen.  Abdominal  pain  is  one  of  the  most 
constant  symptoms  at  the  outset,  sometimes  coming  on  after  the  taking 
of  food,  but  usually  independent  of  such.  Colicky  ])ains,  with  or 
without  vomiting,  may  suddenly  attack  an  individual  in  a[i[i;u-cntly 
good  health.  The  abdomen  may  be  tympanitic,  with  tenderness  most 
noticeable  on  the  riglit  side;  shooting  pains  through  the  thighs 
(Bouilly)  may  also  be  present.  Later,  or  perhaps  concomitant  with 
the  gastric  derangement,  attacks  of  diarrhoea  and  constipation  often 
alternate,  with  varying  prominence  of  the  one  over  the  other;  early  in 
the  disease  the  former  is  the  rule  until  stenosis  develops.  Persistent 
diarrhoea,  in  some  cases  without  constipation  at  any  time,  has  been 
observed  (Pilliet).  Constipation  may  be  the  only  symptom  from  the 
start  until  the  disease  is  well  advanced.  When  marked,  mechanical 
obstruction  has  probably  already  occurred,  iraml  in  liand  with  the 
development  of  these  symptoms  there  will  be  noticed  loss  of  strength 
and  weight,  and  often  a  slight  evening  rise  in  the  temperature. 
These  may  be  the  only  symptoms  in  the  early  ]iMrt  of  the  disease  or, 
as  sometimes  occurs,  throughout  the  illness. 
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The  intestinal  discharges  present  no  characteristic  features;  at  one 
time  they  may  be  quite  normal,  at  another  glairy  and  mixed  with  pus. 
Melsena  has  been  observed  in  some  cases.  Icterus  has  also  been  noted 
in  one  case  (Coquet). 

"With  time  the  abdominal  crises  become  accentuated  and  the  weak- 
ness very  great.  Some  patients  suffer  from  recurring  colic,  accom- 
panied by  vomiting  and  constipation.  The  area  of  greatest  tenderness 
is  often  the  right  iliac  fossa.  Meteorism  is  common  during  these 
attacks. 

So  far  as  I  know,  my  case  is  the  only  one  in  which  pigmentation 
of  the  skin  has  been  observed;  whether  or  not  this  is  due  to  the  adrenal 
affection,  it  is  diiScult  to  say.  A  similar  grade  of  adrenal  tubercu- 
losis, in  my  experience,  is  often  seen  without  any  such  pigmentation. 

The  clinical  picture  in  the  early  phases  of  the  trouble  is  often  so 
indefinite  that  diagnosis  is  impossible.  As  the  disease  progresses 
during  months  or  years,  other  symptoms  of  a  more  definite  nature 
make  their  appearance.  By  this  time  signs  referable  to  intestinal 
obstruction  will  usually  draw  attention  to  the  abdominal  lesion. 

With  the  symptoms  of  obstruction  a  mass  is  generally  noted  at  the 
point  of  involvement,  which  is  usually  in  the  right  iliac  fossa.  From 
this  time  on  the  clinical  picture  is  more  and  more  definitely  that  of 
chronic  intestinal  obstruction,  such  as  one  finds  in  carcinoma  of  the 
same  parts.  This  is  too  well  known  to  necessitate  reiteration  here. 
If  not  already  present,  pulmonary  tuberculosis  may  develop  as  a 
complication. 

Physical  Signs. — Inspection  of  the  abdomen  may  show  more  or  less 
distension — a  condition  associated  at  fii-st  vnih  the  abdominal  crises 
but  later  becoming  permanent.  When  there  is  much  pain  the  abdo- 
men may  be  contracted.  The  skin  is  usually  normal.  Exceptionally 
the  size  of  the  mass  is  sufficient  to  be  seen  on  inspection;  thus  Tedenat 
reports  one  instance  where  it  was  as  large  as  a  foetal  head.  A  few 
cases  show  fistulous  tracts,  located  most  often  in  the  right  iliac  region ; 
openings  of  this  kind  may  be  found  also  in  the  vicinity  of  the  anus. 
Bcnoit  speaks  of  the  occasional  occurrence  of  an  infiltration  of  the 
abdominal  wall  in  this  region  with  ulcerating  fungoid  growths,  simu- 
lating- sarcoma. 
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Tenderness  is  generally  elicited  bj  palpation  wherever  the  growth 
is  situated.  Wlien  localized  in  the  cieciim  the  limits  of  the  tiimor 
appear  definite  enough  below  and  externally;  below,  the  mais  appears 
to  terminate  just  above  Poupart's  ligament;  laterally  it  lies  just  within 
the  iliac  crest.  It  rarely  extends  to  the  median  line.  Above,  the 
termination  may  be  abrupt;  or  the  growth  may  continue  as  a  cylin- 
drical mass  running  up  for  some  distance.  Sometimes  the  decrease 
in  size  is  very  gradual.  Esmarch,  Koenig  and  Eiselsberg  have  each 
reported  a  case  in  which  the  upper  limit  was  felt  in  the  region  of  the 
umbilicus;  here,  however,  the  transverse  colon  was  the  seat  of  disease. 

When  the  abdominal  muscles  are  lax  the  growth  may  be  felt  as  a 
firm,  nodular  mass,  in  which  one  can  often  with  difficulty  get  lateral 
movement.  The  anterior  abdominal  wall,  on  the  other  hand,  may  be 
freely  moved  over  the  fixed  growth. 

Percussion  signs  are  very  variable  and  unreliable.  Dullness  is 
usually  present  directly  over  the  tumor;  but  sometimes  the  note  is 
tympanitic.  In  women  vaginal  examination  may  or  may  not  be  of 
value ;  rectal  examination  is  often  more  satisfactory. 

Bectum. — In  its  advanced  form  hyperplastic  tuberculosis  of  the 
rectum  presents  s}Taptoms  analogous  to  those  of  other  rectal  stenosing 
diseases.  Haemorrhages  from  the  rectum  have  been  noted  in  a  large 
proportion  of  the  cases.  They  may  appear  from  the  very  start,  when 
the  very  earliest  symptoms  of  inflammation  begin.  The  bleeding  may 
occur  at  defecation,  or  in  the  intervals.  The  blood  is  pure  or  mixed 
with  mucus.  As  tlie  disease  progresses  the  rectal  discharges  change 
in  character;  instead  of  blood,  a  thick,  glairy  material  is  passed.  Pain 
and  a  burning  sensation  in  the  rectum  are  common.  Diarrlicea  is 
sometimes  present.  At  a  later  stage  pain  and  tendeniess  are  devel- 
oped between  the  anus  and  coccyx;  the  sphincter  ani  becomes  con- 
tracted, and  the  rectal  mass  is  covered  with  many  soft,  pedunculated 
or  sessile  vegetations  which  bleed  very  readily.  In  the  early  stage  of 
the  affection,  Itie  lays  a  good  deal  of  stress  upon  the  presence  around 
the  anus  of  small  bleeding  tumors  of  uncertain  nature. 

After  a  period  extending  over  months  or  years  signs  of  stenosis 
develop.      Greater  and  giTater  nicfliauical  olistnictiou  tn  tlio  ]>assage 
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of  fseces  is  offered,  and  the  clinical  jnctiire  resembles  that  of  syphilitic 
or  malignant  disease  of  this  part.  Perianal  abscess  and  ulceration  are 
sometimes  formed.  Examination  per  rectum  is  always  painful.  One 
or  another  of  the  divisions  of  the  rectum  may  be  the  seat  of  the  lesion; 
most  often  the  last  part  of  the  rectum  is  the  portion  involved.  The 
diminution  of  the  lumen  may  be  so  great  as  not  to  permit  introduction 
of  even  a  sound.  The  entire  circumference  of  the  rectum  is  often 
thickened. 

TREATMENT. 

In  the  light  of  recent  knowledge  concerning  caecal  disease,  it  seerns 
reasonable  to  conclude  that  most  of  the  resected  cases  of  cancer  of 
this  region  reported  without  careful  microscopic  examination  as  cured 
were  instances  of  hyperplastic  tuberciilosis.  The  treatment  of  the 
condition  is  obviously  surgical;  extirpation  of  the  diseased  tissue 
promises  good  results  in  a  fair  proportion  of  cases.  Nove-Josserand 
reports  a  recovery  following  simple  laparotomy.  Those  interested  in 
the  surgical  phases  of  this  subject,  including  operative  technique,  may 
be  referred  especially  to  Itie's  thesis  and  the  articles  by  Benoit  and 
bv  Conrath. 
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Plates  V  and  VI. 

During  recent  years  there  have  appeared  several  descriptions  of  a 
peculiar  condition  in  which  simultaneously  several  bones  become  the 
seat  of  a  new  growth  which  often  erodes  through  the  cortex  and 
pushes  aside  neighboring  tissues,  but  which  never  metastasizes  into 
other  organs.  The  results  of  the  observations  of  such  so-called  mul- 
tiple myelomata  and  related  diseases  have  been  well  summarized  and 
discussed  by  Hammer,'  Winkler,'  Wieland,'  Paltauf,'  and  others,  and  it 
is  not  necessary  to  repeat  this  discussion.  In  brief,  the  conclusions  are  as 
follows:  The  tumors  are  distinguishable  from  other  malignant  tumors 
by  their  mode  of  growth  and  the  absence  of  metastasis — from  myelo- 
genic sarcomata  in  particular  by  their  multiplicity  and  the  uniformity 
of  their  component  cells,  giant  cells  and  spindle  cells  being  practically 
absent.  The  resemblance  of  the  myeloma  cells  to  those  of  the  bone- 
marrow  and  especially  the  great  macroscopic  resemblance  of  the 
tumors  to  the  adjacent  bone-marrow,  from  which  they  can  scarcely  be 
delimited,  have  given  rise  to  the  opinion  that  they  spring  from  some 
of  the  bone-marrow  cells,  although  "Wieland  attempts  to  disprove  this. 
It  has  been  suggested  that  the  process  is  of  an  infectious  nature. 
Comparisons  with  pseudoleukfemia  and  leukaemia  seem  to  show  that 
they  may  be  readily  distinguished. 

Recently  Wright"  has  described  in  the  cells  of  such  a  tumor  a 

'  Virchow's  Archiv,  1894,  cxxxvii,  p.   280. 

■  Virchow's  Archiv,  1900,  clxi,  p.  3.52. 

^Primare  multiple  Sarcome  der  Knochen.     Inang.-Diss.,  Basel,  1893. 

*  Ergebnisse  der  allgemeinen  Pathologic  u.  pathologischen  Anatomic.  ITerausgegeben 
von  Lnbarsch  u.  Ostertag,  1896,  ill,  I,  p.  676. 

5  Contributions  to  the  Science  of  Medicine,  dedicated  by  bis  pupils  to  William 
Henry  Welch,  p.  359.     Baltimore,  1900. 
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resemblance  to  plasma  cells  and  speaks  of  the  new  growth  as  a 
plasmoma. 

The  cases  have  been  described  imder  tlie  most  various  titles,  but 
there  seems  to  be  a  well-defined  condition  easily  distinguishable  from 
the  endotlieliomata  and  sarcomata  of  bone  for  which  the  name  mye- 
loma is  most  fitting,  a  condition  which  Yirchow  prophesied,"  although 
at  that  time  no  case  had  been  published. 

The  description  of  the  following  case  may  be  permitted  as  an 
addition  to  the  still  rather  limited  series  reported.  The  clinical  fea- 
tures, including  the  occurrence  of  albumosuria,  have  already  been 
described  by  Dr.  Hamburger  in  the  Bulletin  of  the  Johns  Hopkins 
Hospital,  1901,  xii,  p.  38.  They  consisted  in  the  spontaneous  occur- 
rence of  fractures  of  several  of  the  bones  followed  by  the  appearance 
of  definite  soft  tumor  masses  over  various  bones.  There  was  no 
marked  anaemia — red  corpuscles,  3,548,000;  leucocytes,  4500;  haemo- 
globin, 52  per  cent,  with  normal  relations  among  the  different  varie- 
ties of  white  corpuscles.     Albumosuria  was  definitely  determined. 

The  autopsy  record,  copied  in  brief  from  the  protocol,  is  as  follows: 

Anatomical  diagnosis. — Multiple  myeloma:  tumor  masses  in  femur, 
ilium,  clavicle,  sternum  and  scapula,  with  pathological  fractures.  Tumor 
mass  protruding  from  skull.  Chronic  nephritis.  Arteriosclerosis.  Myo- 
mata  uteri.     Healed  tuberculosis  of  lungs. 

Bodj'  is  that  of  an  emaciated  old  woman.  The  right  leg  is  shorter 
than  the  left  by  about  3  cm.,  and  in  the  trochanteric  region  there  is  a 
tumor  mass,  at  which  point  there  is  excessive  mobility  of  the  femur. 
Timior  nodules  are  to  be  felt  over  the  left  scapula,  the  left  clavicle,  and 
over  the  vertex  of  the  skull,  where  the  scalp  is  tensely  stretched  over 
the  large,  soft,  almost  fluctuant  tumor. 

The  organs  throughout  showed  evidences  of  senile  atrophy,  this 
being  especially  marked  in  the  heart  and  liver.  The  lungs  present  old 
scarred  tuberculous  lesions  at  the  apices.  In  the  uterus  there  were 
several  myomatous  nodules.  Nowhere  in  the  organs  was  there  any 
evidence  of  the  formation  of  tumors  such  as  those  to  be  described  in 
the  bones. 

On  removal  of  the  sternum  it  was  found  to  contain  at  the  point  of 
insertion  of  the  second  and  third  costal  cartilages  a  tumor  mass  which, 

«Die  krnnkliiilteii  (ieschwiilste,  Bd.  ii,  p.  7,  Berlin,  1864. 
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being  very  soft,  allowed  free  movement  of  the  two  parts  of  the  sternum 
upon  one  another.  The  left  clavicle  was  much  enlarged  at  its  sternal 
end,  the  bone  being  apparently  distended  by  the  tumor  mass  within, 
for  the  cortical  portion  was  very  thin  and  could  be  compressed  by  the 
fingers.  On  sawing  through  the  bone  lengthwise  the  cancellous  bone 
was  found  to  be  much  rarefied  and  the  cortical  portion  very  much 
thinned — the  marrow  was  almost  entirely  replaced  by  the  tumor  mass, 
which  extended  quite  to  the  acromial  end. 

The  right  clavicle  showed  evidences  of  a  healed  fracture,  the  portions 
having  united  in  a  somewhat  abnormal  position,  so  that  a  slight  angular 
deformity  existed.  The  marrow  of  this  bone  also  showed  tumor  masses, 
which  did  not,  however,  cause  any  extensive  erosion  of  the  bone. 

From  the  spinous  process  of  the  left  scapula  there  arose  a  soft  tumor 
mass  which  on  section  was  found  to  have  eroded  and  replaced  a  con- 
siderable portion  of  the  bony  process.  None  of  the  cortex  or  cancellous 
bone  tissue  was  to  be  discovered  in  this  one.  The  ribs  were  not  in- 
volved. Unfortunately  the  vertebral  column  was  not  sawn  through,  but 
there  were  no  evident  tumor  masses  visible  from  without.  The  right 
ilium  was  completely  eroded  through  in  its  median  portion  by  a  large 
soft  mass  which  had  destroyed  the  whole  thickness  of  the  bone  and 
which  projected  both  ways — into  the  pelvis  under  the  iliacus  muscle, 
and  outward  under  the  muscles  covering  the  outer  surface  of  the  ilium. 
The  hip-joint  on  this  side  showed  no  abnormality,  but  in  the  inter- 
trochanteric region  a  large  tumor  mass  sprang  from  the  marrow  of  the 
femur.  At  the  upper  end  of  the  shaft  of  the  femur  there  was  a  fracture, 
the  shaft  being  displaced  upward.  On  sawing  through  the  bone  at  this 
point  the  intertrochanteric  region  was  found  to  be  extensively  involved 
in  the  new  growth,  which  extended  into  the  adjacent  tissues.  The 
cancellous  bone  was  almost  entirely  destroyed  and  the  cortex  much 
atrophied  and  roughened  internally.  For  a  distance  of  about  5  cm. 
the  cavity  of  the  shaft  of  the  femur  was  invaded,  the  yellow  marrow 
being  pushed  ahead  and  fairly  sharply  limited  from  the  dark  purple 
new  growth.  The  bone  marrow  was  atrophic  and  (Edematous,  greyish 
pink  and  moist  in  appearance,  and  sunken  below  the  level  of  the  cut 
surface  of  the  invading  tumor.  The  left  femur  showed  no  evidence  of 
tumor  formation. 

Eeraoval  of  the  large  mass  at  the  vertex  of  the  skull  revealed  a  large 
aperture  in  the  skull,  the  edges  of  which  were  very  ragged,  as  if  gnawed 
away,  with  here  and  there  loose  spicules  of  bone  lying  in  the  soft  tumor 
mass  which  evidently  sprang  from  the  marrow  cavity.  This  tumor 
mass  spread  itself  between  the  cranium  and  the  dura  for  a  short  dis- 


56  A  Case  of  Multiple  Myeloma 

taiice,  and,  completely  filling  the  aperture  in  the  skull,  projected  out- 
ward to  form  the  large  soft  mass  felt  under  the  scalp. 

Xo  other  tumor  nodules  were  to  he  found  so  far  as  it  was  possible  to 
examine  the  hones. 

These  growths  presented  everywhere  the  same  appearance.  Every- 
where they  evidently  sprang  from  the  marrow  of  the  bone  from  which 
they  were  not  by  any  means  sharply  demarcated.  Only  where  the 
tumor  seemed  to  invade  the  yellow  marrow  of  the  shaft  of  the  femur 
was  the  outline  sharp,  but  even  there  the  microscopical  examination 
showed  evidences  of  the  presence  of  tumor  elements  far  past  this  out- 
line. Where  the  red  marrow  of  the  short  bones  formed  the  point  of 
origin,  the  outline  was  not  nearly  so  sharp.  The  well-defined  tunv)r 
masses  were  perhaps  somewhat  firmer  than  such  a  mass  of  bone  marrow 
would  be.  They  varied  somewhat  in  consistency  however.  In  general 
they  were  soft;  some  of  the  larger  were  almost  diffluent  and  flattened 
out  when  cut  and  laid  out  on  a  pan.  Others  were  less  soft,  and  in  some 
parts  the  gelatinous  pulpy  consistency  gave  way  to  a  fair  degree  of 
firmness.  In  color  there  was  also  considerable  variation.  The  greater 
part  of  the  masses  was  of  a  deep  red  color,  perhaps  even  darker  than 
that  of  the  normal  red  bone  marrow,  but  showing  everywhere  a  greyish 
tint.  Usually  lines  and  streaks  of  grey  were  to  be  seen  throughout 
this  deep  red,  and  in  nearly  all  the  masses  definite  nodules  of  firmer 
consistency  and  of  greyish  white  color  were  found.  At  some  points 
there  was  a  slight  yellow  opacity. 

Microscopically,  the  various  authors  have  emphasized  the  regularity 
in  form  and  size  of  the  cells,  and  Wieland  has  adduced  this  as  a 
distinction  from  the  myelocytes.  [Nearly  all  writers  have  thought  the 
tumor  cells  to  be  derived  from  some  cell  or  other  of  the  bone-marrow. 
Wright  alone  considers  them  to  be  plasma  cells  or  closely  related 
cells  at  least,  to  explain  which  he  states  that  plasma  celTs  are  present 
in  the  bone-marrow.  The  results  of  attempts  to  determine  the  his- 
togenesis of  the  cells  in  this  case  will  appear  from  the  following 
description  of  the  microscopical  appearances. 

The  tumor  masses  present  in  sections  a  remarkably  homogeneous 
appearance  (Plate  V,  Fig.  1).  There  is,  as  described  in  practically 
all  of  the  other  cases,  a  delicate  stroma  with  rather  wide  meshes  in 
which  lie  innumerable  rather  large  round  cells.  These  are  not  in 
intimate  connection  with  one  another,  but  lie  singly  and  loose;  some- 
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times  where  their  number  is  very  great  they  are  somewhat  compressed 
into  a  polygonal  form,  but  in  general  they  are  fairly  regularly  rounded; 
they  vary  slightly  and  may  be  elongated  or  pear-shaped  or  even  notched. 
The  nucleus  is  large,  round  and  vesicular,  sometimes  l}ing  eccentrically. 
The  protoplasm  presents  a  rather  ragged  granular  appearance.  Blood- 
vessels exist  throughout  the  tumor  and  are  indeed  rather  numerous. 
The  smaller  ones  lie  in  very  intimate  contact  with  the  tumor  cells,  their 
walls  being  merely  a  single  layer  of  endothelium.  Connected  with  these 
and  the  coarser  strands  of  the  stroma  are  exceedingly  fine  filaments  of 
connective  tissue  which  run  in  between  the  cells.  Everj-where  scattered 
quite  without  order  through  the  tumor  mass  and  among  the  tumor  cells 
are  numerous  red  blood-corpuscles,  which  are  quite  well  preserved. 
These  evidently  give  the  dark  red  color  to  the  tumor  masses,  being 
absent  or  present  in  only  very  small  quantity  in  the  translucent  greyish 
white  nodules  described  above. 

ifore  careful  examination  of  the  characteristic  cells  of  the  tumor  was 
made  by  the  aid  of  various  methods. 

The  cells  are  distinctly  of  one  type,  although  variations  in  size  and 
general  appearance  occur  (Plate  Y,  Fig.  1).  The  well-preserved 
cells  vary  in  diameter  from  13-21  //.  Perhaps  their  size  is  best  shown 
by  the  camera  drawing  of  a  number  of  them  where  they  can  be  compared 
with  red  corpuscles.  Fig.  2  (Plate  V)  shows  their  relation  in  size 
to  other  well-known  cells,  B  being  tumor  cells,  A  plasma  cells,  and 
C  myelocytes.  Their  outline  is  in  general  smooth  and  sharp,  and  there 
are  no  processes  or  evidences  of  intimate  union  with  adjacent  cells. 
Ordinarily  they  lie  quite  free  side  by  side  in  the  spaces  in  the  stroma, 
generally  separated  from  one  another  by  interspaces  in  which  red 
corpuscles  may  be  found. 

The  nucleus  is  quite  large  and  rounded,  and  of  a  definitely  vesicular 
tj^je.  It  may  be  situated  at  any  part  of  the  cell,  often  near  one 
extremity,  when,  as  so  frequently  occurs,  the  cell  has  an  elongated 
pear  shape,  this  perhaps  suggesting  the  appearance  of  a  plasma  cell. 
It  is  not  at  all  uncommon  to  find  two  or  three  nuclei  in  one  cell, 
and  indeed  four  round  and  quite  separate  nuclei  have  been  observed 
in  a  single  well-preserved  rounded  cell.  Each  of  these  nuclei  has  the 
vesicular  type  and  other  characteristics  to  be  described  for  the  single 
ones  (Plate  VI,  Figs.  3  and  5).  In  almost  every  intact  nucleus  a 
sharply  outlined  shining  round  nucleolus  can  be  made  out;  its  size  is 
best  seen  in  the  drawings,  all  of  which  are  made  accurately  to  the  same 
scale  with  the  camera  lucida.  This  nucleolus  can  be  best  seen  in  sec- 
tions stained  with  carbolic  fuchsin  or  safranin,  where  it  stands  out  as 
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a  glistening  red  refractive  body,  or  with  carboitliiouin,  where  it  stains 
bright  blue  and  is  very  conspicuous.  It  is  also  to  be  seen  in  hematoxylin 
specimens,  although  somewhat  masked  by  the  adjacent  tingible  sub- 
stances in  the  nucleus;  stained  with  polychrome  methylene  blue  it 
appears  rather  paler  and  greyer  than  the  remaining  nuclear  structure. 

Beside  the  nucleolus  the  nucleus  contains  points  and  strands  of 
chromatin  arranged  sometimes  in  a  somewhat  radial  way,  sometimes 
more  irregularly.  In  dried  smears  from  the  tumor  mass  fixed  with 
heat  and  stained  with  Ehrlich's  triple  stain,  the  nuclei  present  a  peculiar 
appearance.  They  look  large  and  flattened  out  and  stain  in  general  a 
homogeneous  pale  blue.  The  nucleolus  is  not  especially  evident;  it 
takes  here  a  rather  paler  color  than  the  remaining  nuclear  substance. 
The  pale  blue  color  does  not,  however,  appear  throughout  the  nucleus, 
for  there  are  irregular  spaces  which  show  no  blue  but  a  reddish  stain. 
One  gets  the  impression  that  the  nucleus  is  composed  of  ramifying 
bands  of  blue  staining  substance  in  the  meshes  of  which  the  nuclear  sub- 
stance does  not  stain  or  stains  only  like  the  general  protoplasm  of  the 
cell  (Plate  VI,  Fig.  7).  In  this  way  a  certain  similarity  exists  between 
the  staining  properties  of  these  cells  and  of  the  myelocytes.  The  nuclei 
of  megaloblasts  are  also  sometimes  seen  to  show  the  same  curious 
appearance.  In  the  myelocytes  this  lacunar  condition  of  the  nucleus  is 
quite  visible,  although  it  is  somewhat  masked  by  the  presence  of  the 
granules.  When  the  smear  is  stained  in  hrematoxylin  and  eosin,  how- 
ever, it  is  very  plainly  to  be  seen.  A  smear  from  normal  red  bone- 
marrow  shows  many  cells  in  addition  to  the  granulated  myelocyte, 
which,  except  in  the  fact  that  neutrophile  granules  are  absent,  resemble 
the  myelocytes  exactly,  and  the  nuclei  of  these  show  very  definitely 
this  arrangement  of  fields  of  blue  and  pink. 

The  protoplasm  appears  in  sections  rather  ragged  and  granular.  The 
granules  are  not  very  sharply  outlined;  they  are  not  so  minute  as  the 
neutrophile  granulations  of  polynuclcar  leucocytes  or  of  myelocytes, 
nor  so  large  and  definite  as  the  eosinophile  granulations.  Indeed  one 
can  scarcely  speak  of  definite  sharp  granules,  but  rather  of  a  somewhat 
granular  appearance  of  the  protoplasm.  The  raggedness  is  added  to 
by  the  frequent  occurrence  of  minute  vacuole-like  spaces,  which  some- 
times become  quite  prominent.  Winkler  found  in  his  case  a  fatty 
degeneration  of  the  tumor  cells  and  the  tiny  spaces  in  the  protoplasm 
of  these  cells  do  suggest  the  presence  of  fat.  Formaline  specimens 
treated  by  JIarchi's  method,  however,  show  no  evidence  of  it. 

In  the  sections  stained  with  the  triacid  Biondi-Heidenhain  mixture 
the  protoplasmic  granules  appear,  but  they  take  no  definite  coloration 
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different  from  that  of  the  adjacent  protoplasm.  In  smears  stained  with 
the  Ehrlieh  triple  stain  the  whole  protoplasm  has  a  pale  pink  coloration. 
No  specific  granulations  are  to  le  seen. 

In  sections  as  well  as  in  smears  stained  with  the  polychrome  methyl- 
ene blue  of  Unna  or  the  alkaline  methjdene  blue  the  protoplasm  takes 
on  only  the  palest  greenish  grey  coloration;  there  is  nothing  of  the 
specific  staining  described  by  Unna  and  others  for  the  plasma  cells. 
With  polychrome  methylene  blue  and  eosin  the  protoplasm  stains  with 
eosin. 

The  relation  of  these  cells  to  the  other  normal  cells  from  which 
they  might  possibly  arise  is  therefore  about  as  follows:  In  size  they 
greatly  exceed  the  plasma  cells,  but  agree  fairly  well  with  the  myelo- 
cytes and  non-granular  cells  resembling  myelocytes  found  in  the  bone- 
marrow.  With  polychrome  methylene  blue,  etc.,  they  do  not  show 
the  reaction  typical  of  the  plasma  cells;  on  the  other  hand,  their 
protoplasm,  although  in  its  raggedness  it  does  resemble  the  "  grano- 
plasma  "  described  by  Unna  for  the  plasma  .cells,  shows  none  of  the 
specific  granulations  characteristic  of  the  myelocytes.  The  presence 
of  a  nucleolus  must  be  admitted  for  all  these  various  types  of  cells, 
so  that  it  is  of  no  help  in  determining  such  relations.  The  cells  of 
the  myeloma  and  the  myelocytes  and  non-granular  cells  of  the  bone- 
marrow  have  in  common,  however,  the  peculiar  lacunar  structure  of 
the  nucleus,  as  seen  in  dried  smears,  which  H.  F.  Miiller '  describes 
as  follows :  "  With  adequate  magnification  one  sees  in  the  myelocytes 
a  remarkable  nuclear  structure;  one  finds  often  nuclei  in  which 
definite  clear  fields  are  visible.  These  may  be  in  part  niiclear  sub- 
stance, but  in  many  such  nuclei  these  fields  seem  to  represent  the  cell 
substance  which  stretches  itself  into  pre-existent  holes  or  pores  in 
the  nucleus."  And  then  again,  "  there  is  a  large  round  or  oval 
nucleus  limited  by  a  thin  chromatin  wall  which  shows  frequently 
more  or  less  numerous  larger  and  smaller  clear  area5,  which  are 
often  plainly  seen  to  be  definite  apertures  in  the  nucleus  through 
which  the  cell  substance  extend?  into  the  interior  of  the  nuclear  body." 

This  structure  seems  so  peciiliar  that  its  occurrence  in  these  various 
cells  at  least  indicates  their  close  relation  to  one  another.  The  descrip- 

■  Detitsches  Archiif.  klin.  Med.  1891,  xlviii,  p.  57. 
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tions  and  figures  of  plasma  cells  in  the  pajjers  of  Unua,'  Jadassohn,' 
Marschalko,"  Justi,"  Krompecher,"  and  Councilman  "  give  no  hint  of 
such  a  structure  in  the  nuclei  of  these  cells. 

The  myeloma  cells  are  apparently  separated  from  the  myelocytes 
by  the  absence  of  the  characteristic  neutrophile  granulations.  An 
examination  of  a  bone-marrow  smear,  and  more  especially  of  a  smear 
from  actively  proliferating  bone-marrow,  will  convince  one  of  the 
great  variations  in  the  abundance  of  the  granules  which  occur  in 
these  cells.  In  a  recent  paper  on  the  relation  of  the  myelocytes  to 
leucocytosis,  Rubinstein  "  describes  the  transitions  which  take  place 
in  the  development  of  myelocytes  from  smaller  cells  whose  protoplasm 
is  quite  free  from  granules.  These  young  myelocytes  reach  quite  the 
size  of  the  adult  myelocytes  before  the  granules  appear,  which  they 
do  gradually  a  few  at  a  time.  The  resemblance  then  between  these 
non-granular  myelocytes,  as  they  may  perhaps  be  called,  and  the 
myeloma  cells  is  most  striking,  and  suggests  most  strongly  the  origin 
of  the  myeloma  from  these  characteristic  cells  of  the  bone-marrow 
in  one  or  other  stage  of  their  development. 

Further  evidence  of  this  close  relation  is  given  in  the  abundant 
presence  of  the  tumor  cells  in  the  marrow  adjacent  to  the  tumor 
masses,  where  they  take  on  exactly  the  arrangement  of  the  myelocytes 
among  the  fat  cells  and  are  intermingled  with  the  occasional  eosino- 
phile  cells.  Indeed  if,  in  a  large  section,  we  pass  gradually  from  the 
relatively  normal  marrow  toward  the  tumor,  we  find  a  gradual  and 
insensible  transition,  the  myelocytes  being  replaced  entii-ely  in  time 
by  the  tumor  cells,  which  become  more  and  more  densely  arranged, 
forming  finally  definite  nodules.  Among  the  trabeculse  of  the  cancel- 
lous bone  this  consolidation  of  the  cells  which  have  the  position  and 
form  of  myelocytes  into  solid  strands  in  direct  continuity  with  the 
tumor  mass  is  very  convincing  evidence  of  the  direct  relation  between 
the  tumor  and  bone-marrow  cells. 

>  Monattheftef.  prakt.  Sermalotor/ie,  IH'.ll,  xii,  p.  2!)6. 

^  Berliner  Min.   Woc/ienschriJ't,  1893,  xxx,  p.  3^3. 

">  Archill  f.  Dermatologie  u.  Syphilis,  189.5,  xxx,  p.  8. 

"  Vircbow's  Archiv,  1897,  cl,  p.  197. 

>''7Aei:;\eT^B  Seiiriige  z.  path.  Anat.,  1898,  xxiv,  p.  163. 

"Journal  of  Experimental  Medicine,  1898,  ili,  p.  401. 

^*  Zeituch.  f.  klin.  Med.,  1901,  xlll,  p.  Ifil. 
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Various  alterations  in  the  appearance  of  the  tumor  cells,  which  may 
perhaps  best  be  interpreted  as  degenerative  changes,  frequently 
occur.  Division  of  the  cells  by  karyokinesis  has  not  been  once  ob- 
served in  this  case,  although  such  nuclear  figures  were  carefully 
sought  after.  As  described  above,  however,  many  of  the  cells  con- 
tain more  than  one  nucleus — sometimes  as  many  as  four — and  in  such 
cases  the  cell  is  generally  larger  than  the  average, -in  some  instances 
reaching  a  great  size  (Plate  VI,  Figs.  3  and  5).  These  multiple 
nuclei  are  generally  rich  in  chromatin  and  stain  very  deeply.  They 
are  often  quite  irregular  in  outline  and  occasionally  they  are  seen  to 
be  in  connection  with  one  another  by  a  band  which  may  be  so  thin 
as  to  appear  as  a  mere  filament  of  nuclear  substance.  This  is  very 
probably  to  be  considered  as  evidence  of  amitotic  division — a  process 
demonstrated  by  Nedjelsky  "  in  Marchand's  laboratory  to  be  not  un- 
conunon  in  various  tumors  (Plate  VI,  Fig's.  4  and  6). 

Often  the  nucleus  of  a  tiimor  cell  of  average  size  and  with  the 
general  appearance  of  bebig  well  preserved  shows  a  dense  clumping 
of  its  chromatin  into  several  rounded  deeply  staining  solid  masses 
which  lie  then  against  the  limiting  membrane  of  the  nucleus  (Plate 
V,  Fig.  1).  Again,  other  cells  show  a  tendency  toward  disinte- 
gration of  the  protoplasm  which  breaks  up  into  fine  gi-anular 
masses.  The  nuclei  of  such  cells  often  appear  very  pale.  Finally, 
certain  cells,  sometimes  of  nearly  the  average  size  but  generally  much 
larger,  show  the  presence  of  vacuoles  of  greater  or  less  size  in  their 
somewhat  swollen  looking  and  disintegrated  protoplasm.  The  nuclei 
are  pale  and  crowded  to  one  side,  and  in  the  vacuoles  are  rounded 
bodies  showing  transitions  in  size  and  appearance  from  very  small 
highly  refractive  round  bodies  to  rounded  masses  of  the  size  of  a  red 
corpuscle  or  slightly  larger.  These  are  denser  and  more  solid  and 
refractive  than  the  red  corpuscles  (Plate  VI,  Fig.  8).  With  the 
Biondi-Heidenhain  stain,  witli  which  they  show  best,  they  stain  a 
bright  orange-yellow  or  brown;  with  polychrome  methylene  blue  they 
take  little  or  no  stain,  except  for  a  rounded  denser  fleck  in  the  centre, 
which,  visible  by  its  slight  variation  in  color  in  the  Biondi-Heidenhain 

"Ziegler's  Beiti-ilge  zttr  patli.  Anal.,  1900,  xxvii,  p.  431. 
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preparation,  stains  pale  blue  here.  Such  cells  are  often  much  disin- 
tegrated and  tie  inclusions  are  sometimes  found  free.  These  bodies 
are  apparently  very  similar  to  the  cell  inclusions  so  commonly  found 
in  carcinomata  and  other  tumors,  as  to  Trhich  there  is  at  present  such 
active  discussion. 

The  tumor  mass  as  described  above  contains  in  the  interstices  be- 
tween the  cells  very  numerous  red  blood-corpuscles  in  a  very  ■well- 
preserved  condition.  There  is  very  little  evidence  of  any  breaking 
do^vn  of  the  red  corpuscles — hardly  any  deposit  of  haematoidin  in  the 
tissues,  which  would  certainly  be  present  if  the  presence  of  the  blood 
were  due  to  actual  haemorrhage.  Red  corpuscles  are  found  scattered 
in  considerable  numbers  among  the  myelocytes  and  other  cells  in  the 
normal  bone-marrow,  however,  and  it  seems  probable  that  the  condi- 
tion here  is  analogous.  The  walls  of  the  blood-vessels  in  the  tumor 
are  nevertheless  of  extreme  thinness  and  extravasations  might  readily 
occur. 

So  also  tumor  cells  are  quite  frequently  found  inside  these  blo<3d- 
vessels  lying  among  the  red  corpuscles  (Plate  V,  Fig.  1),  although 
an  examination  of  the  circulating  blood  a  few  days  before  the 
death  of  the  woman  showed  only  one  or  two  doubtful  myelocyte- 
like  cells  among  a  great  number  of  leucocytes,  the  varieties  of  which 
were  those  of  the  blood  in  practically  normal  relations. 

In  conclusion,  then,  we  have  in  this  case  multiple  new  growths 
from  the  bone-marrow,  not  very  sharply  delimited  from  the  marrow 
and  showing  very  gradual  transitions  into  it.  The  cells  have  the 
form  and  general  characters  of  the  bone-marrow  cells,  lacking  the 
specific  granules  of  the  myelocytes  but  possessing  the  peculiar  nuclear 
structure  found  in  the  myelocytes  and  their  formative  antecedents. 
They  differ  in  essential  particulars  from  the  plasma  cells,  and  in  view 
of  these  facts  and  the  fact  that  they  largely  replace  the  myelocytes 
in  the  marrow  in  the  neighborhood  of  the  tumor,  there  being  no 
sharp  boundary  between  the  myeloma-like  marrow  and  the  myelocyte 
marrow,  we  may  consider  them  directly  related  to  these  cells  and 
probably  derived  from  the  large  non-granular  forerunners  of  the 
myelocytes. 
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Degenerative  changes,  the  presence  of  numerous  cell  inclusions,  and 
the  abundance  of  red  blood-cells  scattered  in  the  tumor  mass  have 
been  noted.     The  etiology  of  the  affection  remains  obscure. 

DESCEIPTION  OF  PLATES  V  AND  VI. 
Plate  V. 

Fig.  1.  Portion  of  a  section  of  tlie  tumor  from  ilium.  In  tlie  centre  a  tbin 
walled  blood  vessel  in  which  a  tumor  cell  lies  among  the  blood  corpuscles.  Several 
of  the  cells  show  the  condensation  of  the  chromatin  into  solid  masses.  Among  the 
tumor  cells  are  many  red  corpuscles. 

Fig.  2.  A  Plasma  cells,  B  cells  from  the  tnmor,  C  myelocytes  from  normal  bone 
marrow.  The  drawing  is  intended  to  show  merely  the  relative  size  of  the  cells  and 
of  their  nuclei. 

Plate  VI. 

Figs.  3  and  5.     Large  tumor  cells  with  multiple  nuclei. 

Figs.  4  and  6.  Similar  large  cells  in  which  the  peculiar  form  of  the  nucleus  is 
suggestive  of  amitotic  division. 

Fig.  7.  Cell  from  myeloma  as  it  appears  in  a  heated  smear  stained  with  Ehrlich's 
triple  stain.  The  lacunar  appearance  of  the  nucleus  is  exactly  that  seen  in  the 
myelocyte  and  its  related  cells. 

Fig.  8.  Several  large  somewhat  degenerated  cells  with  rounded  inclusions  lying 
in  vacuoles  in  the  protoplasm — one  cell  of  the  average  size  and  appearance  found  in 
the  tnmor  is  introduced  here  for  comparison. 

All  the  figures  except  Fig.  7  are  drawn  with  camera  lucida  to  the  same  scale. 
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ACUTE  EPIZOOTIC  LEUCOEXCEPHALITIS  IX  HORSES. 

Bt   W.  G.   MacCALLUM,   M.  D., 
Associate  in  Pathology,  Johns  Hopkins   University, 

AND 

S.  S.    BUCKLEY,   V.  S., 

Veterinarian,   Maryland  Ayricultural   College. 

{From  the  Pathological   Laboratory  of  the  Johns  Hopkins   Unvrersity  and  Hospital.) 

Plates  VII  and  VIII. 

A  recent  epizootic  among  horses  in  Maryland,  resulting  in  the 
death  of  a  great  many  animals  after  a  very  brief  illness,  has  led  to 
the  post-mortem  examination  of  a  number  of  such  animals  with  results 
■which  seem  worthy  of  note. 

The  disease,  which  is  popularly  known  in  this  region  and  probably 
elsewhere  as  "  cerebrospinal  meningitis,"  presents  fairly  characteristic 
symptoms,  which  when  the  cases  appear  in  epizootic  form  lead  readily 
enough  to  a  diagnosis.  Prodromal  symptoms  are  not  always  present, 
although  in  many  cases  a  general  malaise  may  be  noted  before  the 
acute  onset.  The  acute  symptoms  are  in  general  such  as  may  be 
referred  to  a  cerebral  lesion.  There  may  be  drowsiness  associated 
with  an  impairment  of  sight.  Partial  or  complete  paralysis  of  the 
pharynx  is  often  observed;  twitchings  of  the  muscles  of  the  shoulders 
and  thighs,  coldness  of  the  extremities,  and  a  general  condition  of 
unsteadiness  and  weakness  with  a  tendency  to  walk  to  one  side  or  a 
staggering,  objectless  gait,  arise  early  in  the  disease.  The  pulse  is 
usually  normal;  the  temperature  varies  between  96°  and  103°  F.,  an 
elevated  temperature  usually  indicating  a  secondary  complication. 

The  horse  may  then  become  gradually  comatose,  responding  slightly 
or  not  at  all  to  stimuli  and  soon  sinking  to  the  stable  floor  not  to  rise 
again.  In  other  cases  there  is  a  wild  delirium,  the  animal  rearing 
about  and  rushing  blindly  against  obstacles,  and  this  may  be  followed 
by  exhaustion  and  the  comatose  condition. 

The  duration  of  the  disease  varies  from  a  few  hours  to  a  week,  the 
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average  being  perhaps  72  hours.  Horses  which  recover  are  said  to 
become  "  diuumies  " — animals  with  a  permanent  cerebral  lesion  and 
defective  intelligence. 

The  following  pathological  report  is  based  on  the  examination  of 
four  brains,  brought  to  the  laboratory  by  one  of  us  (Buckley),  from 
animals  dying  in  the  acute  stages  of  the  disease.  There  was  also  one 
brain  from  a  horse  which  was  said  to  have  had  the  disease  some  time 
before  and  to  have  recovered,  dying  afterward  from  some  other  cause. 

Of  the  four  brains  from  acute  cases,  three  were  hardened  in  formalin 
and  one  was  fresh.  Of  these,  none  showed  any  signs  of  the  presence 
of  an  inflammation  of  the  meninges;  there  was  at  most  a  tritiing 
hyperemia  of  the  pia  mater.  The  surface  of  the  fresh  brain  showed 
no  localized  or  circumscribed  alterations  in  color,  but  the  normal  level 
of  the  convolutions  was  not  everywhere  preserved.  In  the  frontal 
region  on  each  side,  anterior  to  the  motor  region  of  the  cortex,  there 
was  a  slightly  depressed  area  which  was  softly  fluctuant,  but  not  marked 
out  by  any  superficial  hyperemia  or  discoloration.  On  cutting  through 
this  braia  a  glairy  fluid  with  small  granular  pulpy  masses  of  whitish 
tissue  flowed  out  from  the  softened  area,  and  the  rather  thin  roof 
composed  of  the  meninges  with  the  grey  cortex  collapsed  over  the 
cavity  thus  left.  The  lesion  seemed  almost  entirely  Limited  to  the 
underlying  white  matter,  which  throughout  an  irregular  area,  perhaps 
2x1  em.  in  diameter  in  the  left  hemisphere,  and  a  symmetrically 
placed  focus  5  cm.  in  diameter  in  the  right,  was  completely  softened 
into  a  diffluent  mass  made  up  as  described  of  shreds  of  softened,  necrotic- 
looking,  greyish  white  brain  substance  lying  in  a  greyish,  glairy  or 
somewhat  glutinous  fluid.  The  portions  of  the  brain  substance  form- 
ing the  lining  of  the  cavity  could  be  fairly  sharply  outlined  from  the 
adjacent  more  normal  white  matter  by  its  softness  and  raggedness,  by 
its  mottled  greyish  and  yellowish  opacity  with  translucent  areas,  and 
by  the  presence  of  numerous  minute  ha;morrhages  sprinkled  through  it 
and  adding  to  its  mottled  appearance.  The  remaining  brain  substance 
showed  no  apparent  abnormality.  The  lining  of  the  cerebral  and 
olfactory  ventricles  was  not  congested  nor  inflamed.  The  blood-vessels 
were  carefully  traced  and  showed  no  thrombotic  occlusion  at  any  point. 

Examined  microscopically  in  the  fresh  state,  the  softened  material 
showed  necrotic  cells  and  cell  fragments  of  various  forms;  there  were 
also  beaded  elongated  fibrils  thought  to  be  axis  cylinders  with  adluM-ing 
myelin  droplets.  But  few  nuclei  were  found.  No  bacteria  were  I'ound 
by  the  ordinary  staining  methods. 
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Cultures  were  made  aerobieally  and  anaerobically  on  various  media — 
agar,  glycerin  agar,  blood-serum  agar,  hydrocele-fiuid  agar,  etc.— but 
all  were  negative.  A  rabbit  inoculated  with  1  cc.  of  an  emulsion  of 
the  softened  material  into  the  ear  vein  remained  well. 

The  appearance  of  the  hardened  brains  corresponds  very  closely  with 
that  just  described.  Kowhere  were  any  blood-vessels  thrombosed  or 
occluded  in  any  way.  Nowhere  was  there  evidence  of  inflammation  of 
the  meninges.  Section  of  the  cerebral  hemispheres  showed  irregular 
areas  in  the  white  matter  of  the  occipital  as  well  as  the  frontal  lobes, 
and  once  in  the  temporal  lobe,  in  which  the  brain  substance  had  been 
softened  and  partly  replaced  by  a  translucent  coagulated  substance 
resembling  agar.  Shreds  of  greyish  brain  substance  coursed  through 
this  clear  gelatinous  material.  The  adjacent  greyish  and  opaque  brain 
substance  was  studded  with  hemorrhages  through  a  thickness  of  about 
3  mm.  Where,  as  in  some  cases,  the  areas  of  softening  were  made  up 
mainly  of  the  greyish  necrotic  brain  substance  without  much  collection 
of  fluid,  the  haemorrhages  were  scattered  throughout.  In  no  instance 
did  the  cortical  grey  matter  appear  to  be  implicated,  nor  were  the  basal 
ganglia  invaded. 

Microscopically  the  lesions  are  practically  identical  in  all  the  four 
cases  except  that  while  in  all  the  process  is  quite  acute,  in  one  the 
destruction  was  less  complete  than  ia  the  others  and  the  replacement 
of  the  necrotic  material  by  coagulable  fluid  less  extensive.  A  general 
view  of  a  section  carried  through  the  cortex  into  the  centre  of  such  a 
focus  shows  the  meninges  practically  normal,  the  elements  of  the 
grey  cortex  not  notably  altered,  the  nerve  cells  staining  well,  the  blood- 
vessels patent  and  fllled  with  blood.  Passing  inward  the  nervous  ele- 
ments begin  rather  abruptly  to  degenerate,  disintegrate  and  disappear, 
and  hfemorrhages  begin  to  occur  here  and  there;  further  toward  the 
centre  no  more  nerve  cells  are  visible,  axis  cyUnders  are  much  degen- 
erated, neuroglia  cells  stain  badly,  and  the  tissue  has  a  much  disinte- 
grated appearance,  being  infiltrated  with  not  very  numerous  polymor- 
phonuclear leucocytes  and  fewer  mononuclear  round  cells.  Still 
further,  and  all  evidences  of  tissue,  except  for  small  islands  of  necrotic 
substance,  disappear  in  the  highly  refractive  vacuolated  hyaline  ma- 
terial described  (Plate  VII,  Fig.  1).  We  have  then  to  consider  in  de- 
tail: 

1.  Changes  in  nervous  elements. 

2.  Changes  in  neuroglia. 

3.  Changes  in  blood-vessels. 

4.  Changes  in  lymphatics. 

5.  Exuded  fluid  and  cells. 
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The  pyramidal  ganglion  cells  which  send  down  their  axis  cylinders 
through  the  degenerated  area  appear  normal  in  the  uninvolved  portion 
of  the  cortex.  The  periganglionic  cells  may  perhaps  be  more  than 
usually  numerous.  In  the  lower  layers  as  one  approaches  the  degen- 
erated area  the  ganglion  cells  become  swollen  and  granular,  the  nucleus 
stains  less  sharply,  and  the  cell  processes,  so  definite  in  the  higher 
layers,  have  been  lost  or  disappear  after  a  very  short  course,  forming 
mere  projections  from  the  outline  of  the  cell.  Many  such  cells  take 
on  a  rounded  outline  and  appear  now  as  large,  irregularly  rounded, 
granular  cells  with  rather  diffusely  staining  nucleus.  Indeed,  as  in 
Fig.  2  (Plate  VII),  such  cells  may  be  seen  in  the  same  field  with 
their  disintegrating  processes  which  are  slightly  separated  from  the 
cell  body;  others  still  more  degenerated  have  lost  their  n\iclei.  The 
much-degenerated  cells  lie  in  a  tissue  of  axis  cylinders  and  neuroglia 
which  is  thickly  sprinkled  with  globules  of  various  sizes  of  high  refrac- 
tive index  and  staining  faintly  bluish  with  ha3matoxylin.  In  specimens 
stained  by  Weigert's  method  these  globules  take  the  typical  myelin 
stain. 

The  axis  cylinders  are  somewhat  swollen  and  thick  and  show  evi- 
dences of  disintegration  (Plate  VII,  Fig.  3).  They  persist,  however, 
fairly  well  into  the  completely  necrotic  substance,  where  they  end 
abruptly.  Throughout  the  degenerated  area  their  myelin  sheaths  are 
broken  up  into  the  globules  described  above,  many  of  which  adhering 
to  the  axis  cylinders  give  rise  to  the  varicose  appearances  or  bulbous 
swellings  along  the  course  of  the  fibril.  In  specimens  prepared  by 
Marchi's  method  such  varicose  beaded  masses  often  stain  black. 

The  neuroglia  has  also  suffered  severely.  Traced  by  the  aid  of 
Mallory's  special  methods  from  the  relatively  normal  cortex  toward  the 
centre  of  an  area  of  softening,  the  dense  matted  feltwork  of  the  outer 
region  is  seen  to  give  place  to  a  delicate  network  of  finer  deeply  staining 
fibrils,  which  in  their  turn  completely  disappear  further  toward  the 
centre,  leaving  the  material  there  without  any  definite  neuroglia  stain 
and  consisting  of  necrotic  debris  of  cells  and  tissue  without  connecting 
supporting  substance.  .Associated  with  this  gradual  disintegration  of 
the  neuroglia  feltwork  there  are  changes  in  the  neuroglia  cells.  These 
lose  the  sharp  contours  of  their  nucleus,  whicii  coines  to  stain  a  diffuse 
greyish  purple  without  any  sharply  stained  chromatic  particles;  such 
nuclei  become  more  and  more  indistinct  and  finally  disintegrate. 

Even  more  striking  than  these  destructive  degenerative  changes  in 
the  nervous  elements  and  the  neuroglia  cells  and  fibrils  are  the  changes 
in  the  blood-vessels  of  the  affected  area. 
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It  was  stated  above  that  examination  of  the  vessels  macroscopically 
and  with  scissors  failed  to  reveal  anywhere  the  presence  of  an  occluding 
thrombus  or  embolus.  Sections,  too,  made  to  pass  through  the  blood- 
vessels in  those  brains  already  hardened  when  brought  to  the  laboratory 
showed  them  to  be  filled  only  with  blood.  In  the  area  of  degeneration, 
however,  wherever  small  vessels  are  left  they  maj'  sometimes  be  found 
filled  or  partly  filled  with  an  elongated  highly  refractive  hyaline  mass, 
the  free  ends  of  which  may  be  rounded  ofl:  or  pass  over  insensibly  into 
the  adjacent  compressed  and  coalescing  red  blood-corpuscles.  Such 
hj'aline  formations  have  been  found  mainly  in  the  smallest  vessels  and 
in  the  degenerated  area.  Sometimes  the  lumen  is  only  partly  filled  and 
the  hyaline  material  may  show  gaps  in  which  lie  red  corpuscles  (Plate 
VIII,  Fig.  5),  or  it  may  form  a  thick  bluish-staining  lining  for  the 
vessel  in  the  lumen  of  which  lie  the  red  corpuscles. 

The  walls  of  the  vessels  in  these  areas  show,  however,  extensive 
inflammatory  changes.  They  are  infiltrated  (Plate  VIII,  Fig.  4)  with 
cells  of  the  tj'pe  of  the  polymorphonuclear  leucocyte  for  the  most 
part,  but  occasionally  mononuclear  or  so  fragmented  as  to  be  difficult 
of  diagnosis.  This  process  affects  arteries  as  well  as  the  veins,  and  the 
infiltration  extends  throughout  all  the  coats.  The  adventitial  lymphatic 
sheath  is  iu  most  cases  distended  and  may  contain  masses  of  polynuclear 
and  mononuclear  cells  with  red  corpuscles.  Very  often,  however,  this 
sheath  contains  only  red  corpuscles,  but  these  in  such  numbers  as  to 
distend  it  to  a  diameter  far  greater  than  that  of  the  blood-vessel.  It 
seems  most  probable  that  this  hemorrhage  has  occurred  by  diapedesis, 
constituting  one  of  the  evidences  of  inflammation,  but  here  and  there 
there  are  apparently  evidences  of  the  direct  rupture  of  the  wall  of  a 
small  vessel.  The  distended  lymph  sheath  may  also  rupture;  at  any 
rate,  in  nearly  every  case  there  is  a  zone  of  haemorrhage  in  the  tissues 
round  about  it.  Such  extravasated  red  blood-corpuscles,  like  those 
within  the  sheath  and  the  blood-vessel,  are  in  a  good  state  of  preserva- 
tion, indicating  the  extreme  acuteness  of  the  process.  There  is  nowhere 
any  deflnite  accumulation  of  haematoidin  or  h^emosiderin  to  be  found  in 
the  tissues  or  in  the  lymphatics — further  evidence  of  the  rapid  course 
of  the  disease. 

The  small  vessels  lying  in  the  centre  of  such  haemorrhages  are  very 
commonly  such  as  are  plugged  with  the  rather  blue-staining  hyaline 
masses  already  described  (Plate  VIII,  Fig.  5).  Other  vessels  may 
contain  a  similar  hyaline  material  and  indeed  hyaline  is  often  found 
both  wdthin  and  surrounding  the  vessel.  Especially  is  this  true  in  the 
case  of  some  of  the  larger  vessels  lying  within  those  meningeal  processes 
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which  pass  deep  into  the  sulci.     There  the  surrounding  tissue  is  spread 
apart  by  the  presence  of  this  coagulated  material. 

The  nature  of  the  hyaline  substance  offers  perhaps  some  difficulty  of 
explanation.     Leyden  and  Goldscheider '  express  themselves  as  follows: 

Sometimes  in  oedema,  softening:  or  acute  inflammation  of  the  cord  one 
finds  in  sections  structureless  amorphous  masses.  These  occur  in  the 
central  canal,  in  the  grey  substance,  less  often  in  the  white  matter,  often 
about  the  vessels.  This  phenomenon  is  explained  in  various  ways:  by 
some  thought  to  be  coagulated  albuminous  or  fibrinous  exudate,  by  others 
interpreted  as  a  colloid,  h3aline,  mucoid  or  gelatinous  degeneration  of 
softened  nerve  substance  or  swollen  and  diseased  neuroglia.  It  is  this 
structureless  mass  which  Lockhart  Clarke  described  as  "  granular  or 
fluid  disintegration."  According  to  that  author  it  consists  in  a  softening 
and  destruction  of  the  nerve  tissue  and  its  change  into  a  granular  mass 
which,  with  the  exuded  fluid,  mixes  to  form  a  homogeneous  substance. 
These  masses  take  the  carmine  stain  very  weakly.  Their  nature  is  not  yet 
settled;  it  is  even  questionable  whether  the  material  under  discussion  is 
everywhere  the  same.  The  jjerivascular  masses  are  most  probably  exu- 
date; whether  this  will  hold  for  all  similar  forms  is,  however,  uncertain. 
The  attempts  to  determine  the  nature  of  the  substances  by  various  stains 
have  so  far  not  been  successful. 

The  problem  before  us  is  somewhat  similar.  The  hyaline  material 
within  and  about  the  meningeal  vessels  looks  at  times  as  if  it  had  been 
produced  by  the  coalescence  of  red  corpuscles,  but  in  general  it  is  too 
abundant  and  homogeneous  to  be  so  explained.  It  is  rather  denser  and 
more  refractive  than  coagulated  plasma  would  appear,  and  with  water 
blue  it  stains  brilliantly.  In  its  general  appearance  and  reaction  it 
agrees  fairly  well  with  the  larger  hyaline  masses  in  the  areas  of  necrosis. 
Such  hyaline  material  occurs  also  scattered  about  among  the  tissue 
elements,  but  nearly  always  about  a  vessel  except  in  the  most  degener- 
ated areas  where  the  tissue  becomes  necrotic  and  entirely  gives  place 
to  the  structureless  mass.  There  is  even  difficulty  at  times  in  outlining 
this  necrotic  substance  from  the  hyaline  material.  Highly  refractive 
as  elsewhere  it  shows  here,  too.  the  tendency  to  contract  and  leave 
vacuoles,  probably  as  the  effect  of  the  hardening  re<igent,  so  that  the 
great  central  mass  has,  as  a  rule,  an  appearance  almost  like  the  cut 
surface  of  a  Gruyere  cheese  (Plato  A'llT.  Fiu.  C<).  Ol'tcn  in  such 
vacuoles  a  delicate  coagulum  can  be  mailc  out.  suLrLrcstinj:  the  ]in'si'iico 
there  of  a  fluid  of  less  density.  The  highly  refractive  suhstanic  is 
somewhat  denser  about  the  vacuoles.     It  is  apparently  very  brittle  in 

'Die  Erkrankunec"  des  Ruokcnmarks  nnd  drr  Mediilln  ot)li)ii!,Mitii,  in  N(>tlinii;;<'r,s 
Spec.  Path.  u.  Tlicrap.,  Bd.  X,  Wlt-ii,  IS'.tT. 
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the  sections  and  shows  cracks  and  fissures  here  and  there.  It  stains 
with  eosin,  taking  a  fairly  bright  pink  color;  Congo  red  tinges  it  brick 
red.  Van  Gieson's  stain  leaves  it  pinkish  yellow — neither  definitely 
red  nor  definitely  yellow — with  water  blue  and  fuehsin  it  stands  out 
sharply  from  the  adjacent  substance  by  its  bright  deep  blue  color;  so 
also  do  the  masses  in  and  about  the  vessels.  With  Mallory's  phospho- 
tungstic  add  hfeniatoxylin  it  stains  a  rather  pale  purplish  pink;  with 
his  modified  stain  for  connective  tissue  as  applied  to  the  nervous  sys- 
tem, it  takes  a  dense  deep  purple  color.  With  methylene  blue,  carbol 
fuehsin,  Weigert's  fibrin  stain,  etc.,  it  is  hardly  tinged  at  all.  Osmic 
acid  does  not  stain  it;  in  a  Marchi  preparation  it  is  just  visible  as  a 
smoky  area. 

The  material  stains  therefore  with  acid  dyes,  in  which  respect  (accord- 
ing to  the  hypothesis  of  P.  Ernst)  it  corresponds  to  that  form  of  hyaline 
derived  from  epithelial  cells.  Nervous  elements  being  of  epiblastic 
origin,  might  perhaps  furnish  the  great  mass  of  hyaline  in  the  centre 
of  the  focus.  There  would  be  difficulty,  however,  in  thus  explaining 
the  presence  of  a  substance  staining  in  exactly  the  same  way  in  and 
about  the  arteries  as  well  as  the  veins,  and  we  must  probably  consider 
this  one  of  the  exceptions  to  the  rule,  as  is  the  colloid  of  the  thyroid 
which,  although  derived  from  epithelium,  stains  red  with  Van  Gieson's 
stain. 

In  the  smaller  vessels  in  the  neighborhood  of  the  most  intense  degen- 
erations the  hj'aline  masses  described  above  stain  rather  bluish  with  the 
hematoxylin  and  eosin  stain,  which  seems  to  indicate  that  they  are  not 
quite  identical  in  nature  with  the  remaining  hyaline  substances 
described. 

As  stated  above,  the  central  hyaline  mass  in  each  focus  is  bounded 
by  ragged  edges  of  necrotic  substance  with  here  and  there  free  islands 
of  such  tissue.  Nowhere  are  there  any  evidences  of  the  least  pressure 
on  this  tissue,  which  becomes  gradually  rarefied  toward  the  margin, 
where  it  quite  disappears.  This  mass  is,  therefore,  in  all  probability 
the  result  of  the  breaking  down  of  the  brain  substance — perhaps  added 
to  also  by  exudation  of  fluid  from  the  vessels. 

The  exudation  of  leucocytes  is  not  very  abundant  in  the  sections. 
Beside  the  infiltration  of  the  walls  of  the  small  vessels  and  the  tissue 
surrounding  them,  leucocytes  are  found  sprinkled  in  considerable  num 
bers  through  the  most  degenerated  tissue  in  the  focus  where  it  borders 
upon  the  hyaline  material.  These  leucocytes  are  easily  distinguished 
by  their  sharp  staining  from  the  greyish  purple  degenerated  neuroglia 
nuclei  which  persist  there. 
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Besides  the  leucocytes  there  are  a  few  somewhat  larger  round  cells 
with  small  single  round  nucleus  and  granular  protoplasm.  These  appear 
to  be  analogous  to  the  fat  granule  cells  which  are  so  common  in  inflam- 
matory diseases  of  the  nervous  system  of  longer  standing,  they  are 
however  rather  scarce,  and  although  in  a  Marchi  preparation  they  can 
be  made  out  to  contain  blackened  fat  droplets,  they  are  by  no  means  a 
prominent  feature  in  the  section. 

The  process  is  therefore  predominantly  a  destructive  rather  than 
an  exudative  one.  To  resume,  we  have  an  acute  disease,  rapidly 
fatal,  producing  large  areas  of  complete  destruction  of  the  brain  sub- 
stance in  which  the  anatomical  elements  are  disintegrated  and  largely 
replaced  by  a  colloid-like  material.  In  the  neighborhood  the  blood- 
vessels are  acutely  inflamed,  there  is  exudation  of  leucocytes  into 
the  vessel  walls,  and  throughout  the  adjacent  tissue,  with  passage  of 
the  red  corpuscles  into  the  perivascular  lymph  sheath  and  into  the 
adjacent  tissues,  these  focal  extravasations  giving  the  inflammatory 
process  its  hsemorrhagic  character. 

The  various  forms  of  acute  hsemorrhagic  encephalitis  in  man  as 
described  by  "Wernicke,  Striimpell,  Friedmann  and  others  seem,  as  a 
rule,  to  progress  less  rapidly  and  to  be  much  less  violently  destructive 
than  this  form.     Anatomically,  however,  the  conditions  are  analogous. 

In  horses  the  disease  is  apparently  fairly  well  recognized.  Fried- 
berger  and  Frohner,'  giving  the  bibliography,  summarize  the  results 
of  investigation  into  the  pathology  of  acute  encephalitis  about  as 
follows : 

Local  non-purulent  encephalitis  occurs  in  irregular,  round  foci,  mostly 
of  the  size  of  a  pea  to  that  of  a  hen's  egg,  sometimes  even  involving'  a 
whole  lobe  of  the  brain,  but  not  sharply  limited.  At  first  the  place  is 
slightly  diflCusely  reddened,  this  being  soon  followed  by  a  swelling  and 
softening  from  serous  exudation,  when,  according  to  Schiitz,  the  cells  of 
the  neuroglia  and  the  ganglion  cells  are  swollen  and  granular,  and  finally 
undergo  fatty  degeneration;  the  axis  cylinders  are  varicose  and  the  glia 
tissue  infiltrated  with  small  cells.  The  focus  undergoes  maceration,  swell- 
ing and  liquefaction,  resulting  finally  in  a  softened  mass  consisting  of 
disintegrated  and  fatty  glia  and  ganglion  cells,  leucocytes  and  free  fat- 
globular  cells,  and  is  spoken  of  as  simple  inflammation  of  the  brain  or 
inflammatory     softening    of     the    brain,     distinguishable     from     ischoemic 

'Lehrb.  d.  spec.  Patli.  ii.  Tlierap.  il.  Ilaiisthiere,  Bd.  li,  p.  7fl,  2'"  Aull.,  Stuttarart, 
1889. 
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encephalomalacia  by  the  exudation  of  leucocjtes.  This  may  be  all,  but 
often  there  are  complicating-  hEemorrhages  giving  rise  to  hfemorrhagic 
inflammation  of  the  brain.  With  the  decomposition  of  the  hfemoglobin 
in  such  a  focus  the  color  disappears  gradually  and  becomes  yellowish. 
Then,  as  the  mass  of  disintegrated  tissue  and  exudate  becomes  more 
fluid,  there  is  formed  either  a  grey  gelatinous  mass  or  cyst,  or  finally  a 
scar  arises. 

This  descriptiou  -would  apply  to  the  cases  described  aljove  fairly 
well  except  that  the  gelatinous  fluid  mass  appears  only  at  the  end 
where  the  process  is  on  the  way  to  healing,  whereas  in  our  cases  the 
brain  substance  throughout  a  large  focus  is  quickly  reduced  to  a  gela- 
tinous, structureless  mass  of  necrotic  and  hyaline  material. 

The  single  case  of  our  series  in  which  recovery  from  the  disease 
had  occurred  showed  in  the  frontal  lobe  of  one  hemisphere  a  depres- 
sion which  on  section  of  the  brain  corresponded  with  an  elongated, 
grey,  translucent  scar  which  ran  deep  into  the  substance  of  the  brain. 
This  microscopically  showed  only  a  loose  granulation  tissue  with 
numerous  cells  resembling  the  fat  granule  cells.  Of  course,  -whether 
or  not  it  was  really  the  end  product  of  such  a  condition  as  described 
above  depends  on  the  accuracy  of  the  diagnosis,  but  as  the  symptoms 
are  fairly  characteristic  and  the  scarred  condition  of  the  brain  about 
what  might  be  expected  as  the  final  result  of  the  anatomical  process, 
it  seems  probable  that  this  was  an  instance  of  recovery  from  the 
affection  here  described. 

Addendum. — Since  the  above  was  sent  to  press  there  has  occurred  an- 
other outbreak  of  the  disease  in  southern  Maryland  in  the  course  of 
-which  great  numbers  of  horses  have  died.  We  were  able  to  make  three 
autopsies  on  animals  in  which  the  symptoms  during  life  were  such  as 
are  described  above.  The  two  horses  when  seen  were  comatose  while 
the  third  animal — a  mule— had  died  after  a  short  but  violent  delirium. 
As  the  horses  were  obviously  dying  they  were  killed,  but  the  autopsies 
revealed  no  recognizable  macroscopic  lesion.  Microscopically,  how- 
ever, the  vessels  in  the  substance  of  the  brain  show  in  many  places  an 
acute  inflammatory  affection  of  and  around  their  walls,  and  here  and 
there  in  their  neighborhood  there  is  infiltration  of  the  tissue  with 
mononuclear,  polymorphonuclear  and  eosinophilic  leucocytes.  No 
widespread  destruction  such  as  that  described  for  the  previous  cases  was 
found  in  these  cases,  and  it  is  clear  that  they  represent  an  earlier  stage 
of  the  affection  than  that  described  above. 
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Bacteriological  examination  in  these  cases  led  also  to  no  satisfactory 
results.  Cultures  from  the  organs  of  the  horses  were  sterile  except  for 
occasional  obvious  contaminations.  A  rabbit  inoculated  with  an  emul- 
sion of  the  brain  substance  of  the  mule,  which  had  been  dead  48  hours, 
died  with  a  general  infection  with  a  bacillus  probably  of  the  hog-cholera 
group  and  very  virulent  to  rabbits.  Further  study  of  this  organism 
will  be  made  but  it  is  not  likely  that  it  has  any  relation  to  the  disease 
in  question. 

DESCEIPTION  OF  PLATES  Til  .0"D  Till. 
Plate  VII. 

Fig.  1.  Photograph  of  a  section  through  part  of  a  focus  of  encephalitis  showing 
the  disintegration  of  the  white  matter,  and  the  central  hyaline  substance. 

Fig.  2.  Ganglion  cells  which  are  losing  their  processes  and  becoming  rounded- 
steps  toward  their  complete  disintegration. 

Fig.  3.  Nerve  fibres  undergoing  degeneration.  The  myelin  sheath  forms  droplets 
or  varicosities  along  the  axis  cylinder.  Other  highly  refractive  droplets  are  scattered 
about  in  the  tissue. 

Plate  VIII. 

Fig.  i.  Small  vessel  with  cellular  infiltration  of  the  wall,  the  perivascular  lymph 
sheath  being  distended  with  blood. 

Fig.  5.  Similar  vessel  with  extravasation  of  blood  into  its  lymph  sheath.  The 
vessel  is  partly  filled  with  a  hyaline  material. 

Fig.  6.  Central  portion  of  a  large  focus  showing  the  margin  of  the  necrotic 
material  and  the  central  hyaline  substance  with  vacuoles. 
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ON  THE  OCCURRENCE  OF  STRONGYLOIDES  INTES- 
TINALIS  IN  THE  UNITED  STATES. 

By   WILLIAM  SYDNEY  THAYER,   M.  D., 
Associate  Professor  of  Medicine  in  the  Johns  Hopkins  University. 


HiSTOEICAL. 

In  1876  Nonnand  (1876),*  a  French  naval  surgeon,  discovered  a 
small  nematode  in  the  dejecta  of  patients  who  had  contracted  severe 
diarrhoea  in  Cochin  China.  This  parasite,  present  in  enormous  num- 
bers, was  afterwards  studied  more  carefully  b}'  Bavay  (1876),  who 
described  it  as  Anguillula  stercoralis.  The  worm,  according  to  Bavay, 
differs  but  little  from  the  terrestrial  anguillula,  Ehahditis  terricola  Du- 
jardin,  genus  Leptodera  of  Schneider.  The  parasites  were  usually 
met  with,  in  the  stools,  as  larvae,  measuring  about  0.33  x  0.032  mm.  in 
size.  When  the  stools  were  kept  in  uncovered  vessels  at  a  sufficiently 
warm  temperature,  these  larvje  underwent  development,  reaching  full 
growth  and  sexual  differentiation  in  about  five  days.  The  length  of 
the  full  grown  female  was  about  1mm.;  its  breadth  about  0.04.  The 
body  was  cylindrical,  slightlj^  diminishing  in  size  anteriorly  and  taper- 
ing to  a  sharp  point  posteriorly.  When  the  worm  retracted  forcibly, 
slight  transverse  furrows  were  to  be  seen.  The  mouth  as  described 
by  Bavay,  possessed  three  distinct  lips,  and  was  continuous  with  the 
triangiilar  oesophagus,  which,  after  a  stricture,  dilated  again  into  a 
second  ovoid  enlargement.  The  intestine,  which  followed,  was  fairly 
visible,  and  ended  in  a  little  protrusion  on  one  side  of  the  body  near 
the  base  of  the  tail.  The  intestine  was  pushed  slightly  aside  by  the 
uterus.  A  little  below  the  middle  of  the  body,  and  on  the  ventral 
side,  opened  the  vulva,  leading  to  the  uterus,  which  extended  from  the 
intestinal  ventricle  to  a  point  near  the  anus.  Here  the  eggs  were 
massed  in  varjing  number.  In  some  instances  the  young  had  actually 
broken  the  shell  of  the  eggs,  and  were  free  in  the  uterus,  though  more 
often  the  eggs,  on  deposition,  contained  well  formed,  motile  embryos. 

*  References  to  authors  are  arranged  alphabetically  at  the  end  of  this  article. 
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The  male  was  about  one-fifth  smaller  than  the  female.  The  peri- 
intestinal  cells  were  more  clearly  outlined,  and  were  accompanied  by 
another  long  gland,  which  seemed  to  consist  of  small  rovmded  globules. 
This  organ,  doubtless  the  testicle,  ended  at  the  base  of  the  tail  in  two 
small,  horn-like  spicules  with  tapering  extremities  curved  inward; 
these  spicules  contained  canals.  They  were  of  equal  length,  and  were 
situated  sj-mmetrically  on  a  transverse  plane.  The  tail,  which  was 
coiled  also  in  the  same  direction  as  the  spicules,  was  twice  as  short  as 
that  of  the  female.  The  authors  further  described  copulation,  the 
laying  of  eggs  and  the  development  of  larvje.  Neither  Normand  nor 
Bavay  were  able  to  cultivate  the  adult  animal  from  the  second  gene- 
ration. 

In  the  following  year  Xormand  (1877)  discovered  a  second  nematode, 
present,  in  association  with  these  parasites,  in  the  small  intestine  of 
a  patient  dying  from  Cochin  China  diarrhoea.  Bavay  (1877  *•  -),  who 
afterwards  found  this  parasite  in  a  number  of  autopsies  upon  similar 
cases,  described  it  as  a  distinct  species,  which  he  termed  Anguillula 
iidestinalis.  It  was  met  with  only  in  the  female  form,  the  length  of 
which  was  2.20  mm. ;  the  average  breadth  0.03.  The  body,  a  little 
tapering  anteriorly,  terminated,  rather  suddenly,  posteriorly  in  a  coni- 
cal tail,  the  extremity  of  which  was  appreciably  rounded,  and  even  a 
trifle  dilated.  With  a  sufficient  magnification,  the  surface  showed  a 
very  delicate  transverse  striation.  The  mouth,  without  horny  arma- 
ture, showed  three  small  lips.  It  opened  into  an  oesophagus,  practi- 
cally cylindrical,  which  occupied  about  one-fourth  of  the  length  of  the 
animal,  and  showed  neither  swellings  nor  striations.  It  was  followed 
by  an  intestine,  with  which  one  might  readily  confound  it,  without  a 
marked  change  of  color.  This  intestine  extended  nearly  to  the  pos- 
terior extremity  of  the  body,  but  it  almost  ceased  to  be  visible  in  the 
middle  part,  which  was  occupied  by  a  very  large,  elongated  ovary.  The 
vulva  was  situated  in  the  posterior  third  of  the  animal,  and,  in  its 
neighborhood,  the  uterus  contained  usually  five  or  six  rather  elongated 
eggs.  The  anus,  a  transverse  slit,  was  situated  toward  the  base  of  the 
tail.  The  eggs  and  the  viscera  were  of  a  yellowish  green  color,  rather 
opaque  and  apparently  finely  granular.  All  individuals  observed  were 
oviparous  females.  Bavay  questioned  whether  the  absence  of  males 
was  due  to  their  prompt  disappearance  after  coupling,  or  whether,  as 
Schneider  ha.s  shown  to  be  the  case  in  certain  nematodes,  the  worm 
is  unisexual  when  free,  and  hermaphroditic  with  a  female  habitus  when 
parasitic. 

These  worms  were  aliuudaut  in  tlie  duodenum,  rarer  in  tlie  jejunum; 
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they  were  not  found  as  far  down  as  the  ileum.  Once,  they  were  found 
in  considerable  numbers  with  embryos  of  A.  slercoralis  in  fluid  coming 
from  the  stomach.  In  intestines  where  the  worm  was  found,  it  was 
not  uncommon  to  find  also  series  of  eggs,  often  joined  together,  some- 
times isolated.  In  some  of  these  the  embryo,  in  the  process  of  forma- 
tion, showed  a  definite  row  of  dorsal  cells;  in  others  its  development 
was  more  advanced. 

These  parasites  were  hardly  ever  found  in  the  stools.  Bavay  (1S77 ') 
found  the  worm  in  six  cases,  and  in  five  of  these  only  at  autopsy.  The 
development  of  the  eggs  was  not  observed,  but  Bavay  (1877')  makes 
the  following  statement: 

"  In  three  diarrhceic  stools  which  we  had  preserved  to  follow  the  develop- 
ment of  the  AnguilluJa.  stercorulis,  we  found,  at  the  end  of  several  days,  that 
they  contained  larvje  different  from  the  first.  These  were,  as  a  matter  of 
fact,  long-er,  with  a  cylindrical  oesophagus  descending  down  to  about  the 
middle  of  the  body,  and  a  tail,  which,  instead  of  terminating  in  a  fine 
point,  was,  on  the  contrary,  apparently  truncated  at  its  extremity.  Al- 
though the  culture  of  these  larva?  could  not  be  carried  far  enough  to  estab- 
lish in  an  irrefutable  fashion  their  identity  with  the  AnguiUitla  int€StitMHs, 
yet  we  had  no  doubt  with  regard  to  this  point.  Indeed,  two  of  the  patients 
who  presented  this  form  in  their  stools,  have  succumbed  since  then,  and 
the  autopsy  has  shown  us  the  complete  form.     The  third  ease  still  lives." 

Both  Xormand  and  Bavay  were  inclined  to  regard  the  parasites, 
especially  Anguillula  stercoralis,  as  important  etiological  factors  in 
Cochin  China  diarrhoea. 

These  observations  were  partly  confirmed  in  1877  and  1878  by  La- 
veran  (1877  ^-  -),  Libermann  (1877  ^-  ^),  lioux  (1877)  and  Chastang 
(1878)  in  patients  from  China,  and  by  Chauvin  (1878)  in  a  case  origi- 
nating in  Martinique.  Their  observations  related  almost  entirely  to 
the  discovery  of  rhabditiform  embryos  in  the  stools.  Chauvin,  how- 
ever, states  that  he  was  able,  in  cultures,  to  follow  the  deposition  of 
the  eggs  by  the  adult  female,  and  that  he  noted  the  presence,  together 
with  the  embrj'os  of  the  new  generation,  of  a  longer,  thinner  and  more 
motile  worm,  "  probably  that  which  has  been  mentioned  by  Xormand."* 

In  1878  Grassi  (1878,  1879 1-  ^)  and  Parona  (1879)  discovered  A. 
intestinalis  at  a  number  of  autopsies  in  Pavia,  and  published  a  careful 
description  of  the  mother  wonn,  of  the  eggs  and  of  the  embryos  de- 
veloping from  them. 

The  mother  worm  was  found  throughout  the  upper  gastro-intestinal 
tract,  especially  in   the  lower  part  of   the  duodenum  and  the  upper 

*  Normand  (1877)  quotes  Bavay  (1877');   vide  supra. 
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part  of  the  jejmium,  though  they  were  occasionally  met  with  through- 
out the  jejunum  and  in  the  upper  part  of  the  ileum.  They  have  been 
found  in  the  stomach.  In  some  cases  the  intestinal  mucosa  appeared 
to  be  perfectly  healthy.  The  eggs,  deposited  in  the  intestinal  tract, 
hatched  almost  immediateh'  after  being  laid.  They  were  found,  as  a 
rule,  in  close  proximity  to  the  mother  worm.  It  was  extremely  rare  to 
find  the  eggs  in  the  stools.  The  embryos  in  the  faeces,  which  were 
almost  exactly  similar  to  those  described  by  Normand  and  Bavay  as 
A.  stercoralis,  were  identical  with  those  found  in  the  intestine.  In 
cultures  kept  at  room  temperature  in  July,  the  faces  being  moistened 
with  a  little  water,  these  worms  were  found  to  grow  gradually,  until, 
after  four  or  five  days,  sometimes  longer,  they  measured  about  0.6, 
while  the  breadth  diminished  to  about  0.015.  The  two  bulbous  en- 
largements disappeared  from  the  oesophagus,  which  occupied  more  than 
a  third  of  the  entire  length  of  the  animal,  and  was  bordered  by  granu- 
lations. The  genital  rudiment  had  disappeared.  After  ten  or  twelve 
days,  many  of  the  worms  were  0.75  long,  but  the  longest  were  only 
about  0.029  or  0.03  in  width;  the  oesophagus  occupied  one-half  the 
length  of  the  animal. 

It  was  pointed  out  that,  at  this  stage,  the  embryos  were  similar  to 
those  forms  observed  by  Bavay  and  Chauvin  in  faeces  which  had  been 
kept  for  some  time;  forms  which  Bavay  (1S~2 ")  had  believed  to  be 
larvae  of  A.  intestinalis. 

They  failed  to  observe  in  their  cultures,  at  autopsy,  or  in  the  stools, 
a  single  sexually  differentiated  A.  stercoralis. 

Grassi  (1879 ')  placed  the  worm  in  a  special  genus,  closely  allied  to 
Strongylus,  which  he  termed  Strongyloides,  and  later  (1879 ')  he  sug- 
gests the  specific  term  Strongyloid-es  intestinalis.  This  classification 
has  been  accepted  by  the  best  authorities. 

At  the  same  time  Perroncito  (1880 1-«,  1881,  1883,  1883)  called 
attention  to  the  presence  of  Ancliylnstoma  duodenale  and  also  Anguillula 
intestinalis  and  A.  .stercoralis  in  the  intestinal  tract  of  workers  in  the  St. 
Gothard  tunnel.  He  (1881,  1882)  succeeding  in  cultivating,  from  rhab- 
ditiform  embryos  found  in  the  fresh  faeces,  adult  Anguillula  .itercoralis, 
which  he  termed  Pseudo-rhabditis  stercoralis  (Bavay).  The  original 
rhabditiform  embryos  were,  from  his  descriptions,  essentially  similar  to 
those  described  by  Xormand,  Bavay,  Grassi  and  Parona.  He  described 
and  pictured  with  accuracy  the  development  of  the  adult  male  and 
female  forms  from  the  rhabditiform  embryos  in  the  stools,  their  copula- 
tion, the  laying  of  eggs,  the  hatching  of  these,  and  the  gradual  transition 
of  the  young  embryos  of  the  second  generation  into  filariform  larvae, 
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very  closely  similar  to  those  described  by  Grassi  and  Parona  as  the  final 
stage  of  the  metamorphosis  of  the  rhabditiform  embryos,  the  descent 
of  which  from  AiiriuUlula  mtestinalis  they  had  traced. 

Perroncito  also  described  A.  intestinalis,  but  contrary  to  the  observa- 
tions of  Grassi  and  Parona,  he  asserted  that  the  eggs  of  this  worm 
appeared  in  great  numbers  in  the  stools,  and  were,  at  some  stages,  in- 
distinguishable from  those  of  Anchylostoma  duodenale.  In  cultures,  the 
larvae  developing  from  these  eggs  were  closely  similar  to  those  of 
Anchylostoma,  the  differences  described  being  extremely  slight. 

The  differences  between  the  larvae  of  Anguillula  intestinalis  and  A. 
stercoralis,  Perroncito  believed  to  be  slight  but  yet  characteristic.  He 
maintained,  however,  that  the  larvse  of  A.  intestinalis  and  Anchylostoma 
were  never  found  in  recent  fasces.  In  his  own  words:  "  This  is  suffici- 
ent of  itself  to  establish  the  diagnosis '"  (1880  '). 

These  observations  were  followed  by  a  rather  spirited  controversy, 
Grassi  (1882,  1883  ^-  ^' ')  maintaining,  and  proving  beyond  a  doubt,  that 
Perroncito  had  fallen  into  error  in  assuming  that  the  eggs  of  A.  intes- 
tinalis were  passed  in  any  number  in  the  faeces.  He  showed,  clearly, 
that  Perroncito  had  been  dealing  purely  with  Anchylostoma  eggs.  He 
insisted  that  the  rhabditiform  embryos  found  in  the  dejecta  were  direct 
descendants  of  the  strongyloid  so-called  Anguillula  intestinalis,  and,  in 
view  of  the  apparently  clear  evidence  that  these  embryos  often  develop, 
in  cultures  in  the  free  state,  into  sexually  differentiated  adult  parasites, 
so-called  Anguillula  stercoralis,  he  advanced,  in  1882,  the  hypothesis, 
based  upon  a  number  of  observations,  that  Ariguillula  intestinalis  was 
a  dimorphobiotic  parasite  like  Ascaris  nigrovenosa ;  that  the  mother 
worm  in  the  intestine  was  parthenogenetic  or  hermaphroditic;  that  the 
rhabditiform  embryos  developing  from  the  eggs  of  these  and  escaping 
in  the  dejecta,  developed  into  a  sexually  differentiated  generation  out- 
side of  the  body;  that  the  descendants  of  this  sex-ripe  generation  were 
capable,  after  ingestion,  of  developing  again,  into  the  parthenogenetic 
or  hermaphroditic  parasitic  mother  worm. 

In  the  same  year  there  occurred,  in  the  clinic  of  Gerhardt  at  Wiirz- 
burg,  a  case  which  was  carefully  studied  by  Seifert  (1883  ^'  ^),  Grassi, 
and  Leuckart  (1883),  which  was  destined  to  shed  much  light  upon  this 
disputed  question.  Seifert  sent  specimens  of  the  dejecta  to  Leuckart 
in  Leipzig.  These  contained  great  numbers  of  typical  rhabditiform 
embrj'os,  unquestionably  similar  to  those  described  by  Normand,  Bavay, 
Perroncito  on  the  one  hand,  and  by  Grassi  and  Parona  on  the  other. 
In  cultures,  these  developed  into  sexually  differentiated  Angxtillula 
stercoralis.     The  new  embryos  developing  from  the  eggs  of  these  under- 
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went  the  course  of  development  described  by  Xormand,  Bavay  and 
Perroncito,  changing,  eventually,  into  characteristic  filariform  larvje. 
Leuckart  was  convinced  that  these  filariform  larvte  must  pass  over  into 
a  suitable  host  to  return  to  complete  development  and  sexual  maturity, 
and  from  analogy  with  what  he  had  previously  observed  in  Ascaris 
nigrovenosa,  he  agreed  with  Grassi  in  assuming  that  these  various  forms 
were  but  different  phases  in  the  cycle  of  a  single  heterogenic  parasite. 
"  The  structure  of  the  filariform  larviv  is  such  that  they  cannot  possibly 
develop  again  into  the  rhabditis  form.  There  must  be  another  worm 
which  develops  from  them,  a  variety  which,  in  the  shape  of  its  body 
and  the  structure  of  the  oesophagus  resembles  these.'"  And  AnguiHida 
intestinalis  possesses  these  characters.  Owing  to  the  entire  absence  of 
males  he  believed,  as  did  Grassi,  that  the  parasitic  mother  worm,  of 
female  habitus,  was  hermaphroditic  or  parthenogeuetic.  While  he 
expressed  no  positive  opinion,  he  was  inclined  to  suspect  that,  as 
Schneider  had  shown  to  be  the  case  in  the  analogous  stage  of  Ascaris 
iiiqrovcnosa,  the  so-called  AnguiUula  intestinalis  was  hermaphroditic. 

More  recently,  however,  Eovelli  (1888),  who  has  investigated  this 
question,  has  come  to  the  conclusion  that  the  worm  is  parthenogenetic. 

Leuckart  was  strengthened  in  his  views  concerning  the  life  history  of 
tlie  parasites  by  the  fact  that  Grassi  and  Parona  (1879)  had  demon- 
strated the  origin  of  the  rhabditiform  embryos  found  in  the  dejecta 
from  A.  intestinalis,  while  both  Bavay  and  Grassi  (also  Chauvin  (1878)) 
had  described  filariform  larvte  in  old  cultures.  He  suggested  for  the 
parasite  the  name  Ehahdonema  slrongyloides,  and  in  conclusion  says: 
"  The  Rliabditis  stercoralis  itself  is  to  be  erased  from  the  list  of  essential 
parasites;  it  represents,  like  the  Bluihdiiis  ascaridis  nigrovenosa,  despite 
its  sexual  differentiation,  an  intermediate  generation,  developing  extern- 
ally, which  forms  a  link  in  the  chain  of  development  of  tlie  AngviUida 
intestinalis." 

At  the  suggestion  of  Grassi,  who  also  observed  this  case,  the  patient 
was  given  on  several  occasions  large  doses  of  male  fern,  santonin  and 
thymol.  On  one  occasion,  after  an  anthelmintic  followed  by  a  purge, 
two  examples  of  the  mother  worm  were  recognized  by  Grassi  (Seifert, 
1883 -)  in  the  faeces;  both,  however,  were  dead  and  had  undergone 
considerable  post-mortem  change.  On  another  occasion,  after  adminis- 
tration of  apomorphia,  a  considerably  degenerated  .1.  intestinalis  was 
found  in  the  vomitus.  No  examples  of  sexually  differentiated  adult 
A.  sterroralis  were  ever  observed  in  the  fresh  stools. 

In  the  same  year  Grassi  (1883  >)  emphasized  the  interesting  fact  that 
filariform  larva?,  identical  with  those  into  which  the  primarily  rhabditi- 
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form  embryos  of  the  free  living  generation  develop,  may  arise  by  direct 
transformation  from  the  rhabditiform  embrj'os  of  the  parasitic  mother 
worm,  namely,  the  embryos  found  ordinarily  in  the  dejecta.  This  direct 
transformation  had  been  clearly  described  by  Grassi  and  Parona  (1879) 
four  years  before,  and  in  the  experience  of  the  former,  represents  the 
ordinary  method  of  development. 

In  support  of  these  observations  showing  that  the  rhabditiform 
embryos  of  the  parasitic  mother  worm  may,  under  some  circumstances, 
change  directly  into  the  filariform  larva?,  without  the  interposition  of 
the  se.Tually  differentiated  free  living  generation,  Grassi  (1883  ^)  notes 
the  fact  that  exacerbations  of  the  infection  in  patients  who  have  been 
living  in  regions  where  fresh  infection  by  the  mouth  is  out  of  the 
question,  are  not  uncommon.  He  also  points  out  that  it  is  not  infre- 
quent to  find,  in  the  cadavers  of  individuals  who  have  remained  in 
hospitals  for  several  months,  small  and  rather  immature  examples  of 
A.  infestivalis.  Such  a  parasite  was  passed  by  the  Wiirzburg  patient. 
There  is  no  evidence  that  the  sex-ripe  intermediate  generation  ever 
develops  in  the  intestinal  tract  during  life.  Such  forms  are  never 
found  at  autopsy.  The  presence,  then,  of  immature  forms  of  A. 
intestinalis  at  autopsy,  and  the  increase  in  the  number  of  embryos  in 
the  stools  during  life,  must  depend  upon  a  direct  transformation  of  the 
rhabditiform  embryos  into  the  mother  worm  without  the  interpolation 
of  the  sexually  differentiated  generation. 

In  1884,  Golgi  and  Monti  (1884,  1885)  made  a  careful  study  of  this 
question  in  cases  observed  in  Pavia.  They  confirmed  in  toto  the  observa- 
tions of  Grassi  and  Parona,  and  agreed  with  these  observers  in  pointing 
out  Perroncito's  error  in  assuming  that  the  sexually  differentiated,  free 
living  generation  is  a  separate  parasite.  They  followed  in  cultures  the 
direct  transformation  of  the  rhabditiform  embrj'os  of  the  parasitic 
mother  worm  into  the  filariform  larvte,  as  well  as  the  indirect  change 
through  the  free  living,  sexually  differentiated  generation.  They  agreed 
with  Grassi  in  believing  the  former  cycle  to  be  the  commoner. 

In  the  meantime  a  number  of  other  observers  had  described  cases  in 
which  this  worm  was  present:  Breton  (18T9)  in  China;  Sahli  (1883)  and 
Bozzolo  and  Pagliani  (1880)  in  cases  from  the  St.  Gothard  Tunnel, 
Ribeiro  da  Luz  (1880)  and  Lutz  (1885)  in  Brazil;  Radetski  (1886)  in 
Russia;  while  Grassi  (1878),  Grassi  and  Calandruccio  (1884),  Grassi  and 
Segre  (1887),  Lutz  (1885),  and  others  described  similar  parasites  in 
other  animals.  Since  then  Calandruccio  (1889 1- =)  and  Barbagallo 
(1897)  have  found  the  parasite  in  Sicily;  Sonsino  (1889,  1891),  Riva 
(1891)  and  de  Silvestri  (1895)  in  Italy;  Ilberg  (1892)  in  a  case  from  the 
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Dutch  Indies;  Sonsino  (1896)  in  Egypt;  while  Leiehtenstern  (1898, 1899) 
and  Wilms  (1897)  have  described  a  number  of  cases  occurring  especially 
in  brickworkers  along  the  Khine,  and  Poppenheim  (1899),  a  sporadic 
case  in  East  Prussia.  Perez  Yaldes  (1897)  has  observed  the  parasite  in 
Spain,  and  Strong  (1901)  in  the  Philippine  Islands. 

The  most  important  work  of  recent  years  has  been  done  in  the  clinic 
of  Leiehtenstern.  As  a  result  of  fourteen  years'  study  of  fourteen 
cases,  this  observer  comes  to  the  following  conclusions  (1898) : 

■'■  (1)  The  direct  metamorphosis  of  the  Anguillula  embryos  into  the 
filariform  is  the  rule.  In  some  of  my  patients  with  Anguillula,  this 
method  of  development  was  observed  exclusively  for  weeks  and  months, 
however  one  might  vary  the  conditions  under  which  the  cultures  were 
made. 

"  (2)  The  development  of  the  sex-ripe  intermediate  generation, 
Rhabditis  stercoralis,  takes  place  commonly,  but  by  far  not  so  con- 
stantly and  regularly  as  the  direct  metamorphosis. 

"  (3)  In  those  cases  again,  which,  in  my  experience,  are  unusual, 
where  the  development  of  the  sex-ripe  intermediate  generation  pre- 
dominated continually  or  for  transient  periods,  I  have  never  failed  to 
observe  the  direct  metamorphosis  as  well. 

"  It  is  then  a  matter  of  purely  facultative,  by  no  means  exclusive  or 
obligatory  heterogenicity." 

As  to  the  reason  why,  in  one  instance,  the  direct  method  of  trans- 
formation should  prevail,  and  in  another  the  indirect,  there  has  been 
much  question.  Wilmfi  (1897),  in  Leichtenstem's  laboratory,  has 
proved  definitely  that  it  is  not  due  to  the  existence  of  two  distinct 
varieties  of  worm.  This  observer  administered  to  human  beings  filari- 
form larvae  which  had  developed  by  the  method  of  direct  transformation 
from  rhabditiform  embryos  of  the  parasitic  mother  worm.  After 
seventeen  days,  rhabditiform  embryos  began  to  appear  in  the  patient's 
stools.  In  culture  experiments  these  characteristic  rhabditiform  em- 
br\-os  imderwent,  in  part,  a  direct  metamorphosis  into  new  filariform 
larvae,  but  in  part,  developed  into  the  sexually  differentiated,  free  living 
generation,  the  so-called  Ehubditis  stercoralis,  from  the  eggs  of  which,  in 
turn,  there  arose  rhabditiform  embryos  changing  rapidly  into  filariform 
larvae. 

Experiments  with  culture  media,  variations  in  the  temperature,  mois- 
ture, etc.,  to  which  the  cultures  arc  exposed,  have  failed  to  reveal  any 
definite  law  as  to  the  reason  for  the  prevalence  of  one  or  another  of 
these  methods  of  development.  Leiehtenstern  (1899),  in  his  last 
article,  has  pointed  out  the  fact  that  the  sex-ripe  intermediate  genera- 
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tion  is  apparently  commonest  in  cases  which  have  been  but  recently 
imported  from  the  tropics,  while  the  direct  metamorphosis  is  the  rule 
among  those  instances  originating  in  Italy,  Belgium,  Germany  and 
Holland.  It  is,  however,  probable  that  all  these  worms  were  ultimately 
of  tropical  origin.  So  that  one  may  be  led  to  believe  that  the  parasite, 
after  entering  into  temperate  regions,  has  adapted  itself  to  the  less 
favorable  climatic  outward  conditions,  in  that  in  temperature  zones,  it 
tends  to  follow  the  direct  method  of  transformation  into  the  filariform 
larvae,  a  method  which  is  simpler,  more  rapid  and  less  dependent  upon 
outward  influences.  And  yet,  despite  this,  in  any  given  case  there  may, 
for  a  certain  time,  occur  a  change,  as  a  result  of  which  the  development 
of  the  sexually  differentiated  intermediate  generation  prevails.  The 
caiise  of  such  variations  in  the  type  of  the  cycle  of  development  is  quite 
obscure. 

The  only  observer  of  recent  years  who  has  failed  to  recognize  the 
heterogenicity  of  the  parasite  is  Teissier  (1895  ^-  ^),  who  in  1895  re- 
ported a  remarkable  instance  in  which  the  stools  contained  worms 
which  he  believed  to  be  identical  with  the  rhabditiform  embryos  above 
described.  In  cultures  they  developed  into  sexually  differentiated  free 
living  parasites  closely  similar  to  those  described  by  Bavay,  Perroncito, 
Grassi  and  others.  In  the  circulating  blood,  however,  there  were  also 
found  numerous  small  larvae  which  he  believed  to  be  the  earliest  stages 
of  these  embryos.  Contrary  to  the  experience  of  almost  all  other 
observers,  Teissier  found  adult,  sexually  differentiated  forms,  not  only 
in  cultures,  but  also  in  the  fresh  dejecta,  and  concludes  that  Anguillula 
stercoralis  is  a  separate  and  distinct  parasite. 

There  are,  however,  certain  points  in  which  his  observations  vary 
materially  from  those  of  others.  In  the  embryos  found  in  the  blood, 
and  the  smallest  forms  observed  in  the  faeces,  which  were  from  220  ai 
in  length,  by  10-12/^  in  breadth,  no  internal  structure  could  be  made 
out.  All  recent  observers,  however,  have  noted  that  excepting  perhaps, 
in  the  very  earliest  stages,  the  embryos  developing  from  the  eggs  of  both 
parasitic  and  free-living  generations,  show,  already,  the  characteristic 
double  oesophageal  enlargement.  Teissier's  description  of  the  adult 
parasite  also  varies  from  those  given  by  Normand,  Bavay,  Grassi,  Per- 
roncito and  others,  in  that  he  was  able  to  distinguish  but  one 
spicule  in  the  male,  instead  of  two,  as  noted  by  all  other  authors.  The 
character  of  the  young  larvae,  the  presence  of  adult  forms  in  the  fresh 
dejecta,  the  slight  differences  in  the  structure  of  the  male  parasite, 
might  give  rise  to  the  suspicion  that  Teissier  may  have  been  dealing 
with  a  different  species  of  a  closely  allied  parasite. 
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In  a  later  article  Teissier  describes  remarkable  results  obtained  by 
inoculating  these  parasites  into  frogs — results  which,  if  confirmed, 
would  support  this  idea.  After  inoculation  he  believed  that  the  worms 
developed  in  the  intestinal  tract  and  lungs  of  the  frog,  into  giant  forms. 
It  is  not  impossible  that  these  giant  forms  may  have  been  Ascaris 
nigrovenosa  \=  Rhaldonema  nigrorenosuni\. 

It  should  be  remembered,  however,  that  Teissier  is  not  the  only 
observer  who  has  recognized  what  he  believed  to  be  adult  forms  of 
Anguillula  stercoralis  in  the  fresh  dejecta.  Xormand  (ISTT)  stated  that 
he  had  met  with  all  known  forms  of  the  worm  at  autopsy.  In  1878  he 
asserted  that  "nothing  is  rarer  than  to  see  Anguillula  stercoralis  in  a 
state  of  complete  development  in  dejecta  of  recent  origin  " — a  state- 
ment which  would  justifj*  the  inference  that  he  had  seen  such  forms. 
In  this  latter  article  he  also  expresses  his  positive  opinion  that  the  adult 
forms  do  develop  in  the  gastro-intestinal  tract. 

In  consideration  of  the  fact  that  these  views  are  at  variance  with 
those  of  most  other  observers,  and  of  the  somewhat  indefinite  character 
of  Xormand's  statements,  it  has  been  assumed  (Leuckart,  1883)  that  the 
sexually  differentiated  A.  stercoralis  may  develop  in  the  intestine,  but 
only  after  death  when  the  conditions  are  essentially  the  same  as  in 
cultures  outside  of  the  body,  a  theory  which  would  account  for  one  of 
Normand's  statements.  It  must  be  acknowledged,  however,  that  this 
does  not  cover  his  apparent  assertion  that  he  had  met  with  adult  forms 
in  fresh  dejecta. 

In  view  of  the  statements  of  these  two  observers,  it  would,  perhaps, 
at  the  present  time,  be  unwise  to  deny  the  possibility  that,  in  rare  in- 
stances, the  sexually  differentiated  intermediate  generati'on  may  de- 
velop within  the  human  host. 

CLASSIFICATIOX. 

The  following  classification  has  been  generally  adopted : 
Familv :     .1  ngioslom  idae. 
Genus:     Strongyloides  Grassi,  1879. 
Syn.:     Pseudo-rhabditis  FerToncito,  1881. 

Bhabdonema  Leuckart,  1882,  pro  parte. 
Species:     Strongyloides  intestinalis  (Bavay,  1877). 
Syn.:     Anguillula  stercoralis  (Bavay,  1877). 
Bhabditis  stercoralis  (Bavay,  1877). 
A.  intestinalis  (Bavay.  1877). 
Leptodera  stercoralis  (Bavay,  1877)  Cobbold,  1879. 
Leptodera  intestinalis  (Bavay,  1877)  Cobbold,  1879. 
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Strongyloides  intestinalis  (Bavay,  1877)  Grassi,  1879. 

Fseudo-rhahditis  slercoralis  (Bavay,  1877)  Perroncito,  1881. 

Ehabdonema  strongyloides  Leuckart,  1883. 

Bhahdonema  intestinale  (Bavay,  1877)  E.  Blanchard,  1885. 
It  may  perhaps  be  well  to  emphasize  one  point  in  connection  with  the 
synonymy.  Most  of  the  recent  text-books — Railliet  (1895),  Moniez 
(1896),  Braun  (1895),  Weichselbaum  (1898)— in  their  synonj-my,  refer 
to  the  special  term  Strongyloides  intestinalis  as  having  been  introduced 
by  Grassi  in  1883.  I  have  searched  the  literature  with  considerable 
care,  but  have  been  unable  to  find  any  reference  to  the  worm  under 
this  name  in  Grassi's  publications  of  that  year.  The  name,  however, 
was  first  used  by  Grassi  four  years  before.  In  an  article  in  the  Rendic. 
r.  1st.  lornb.,  Milano,  1879,  xii,  ser.  2,  p.  228,  he  proposes  the  generic 
name  Strongyloides,  and  in  a  review  of  his  own  article,  in  La  med. 
contemp.,  Milano,  1879,  iii,  495,  he  says:  "He  concludes  by  referring 
Aiig^iillula  to  a  new  genus,  Strongyloides,  which  "  {Anguillula)  "  should 
therefore  be  called  Strongyloides  intestinalis."  I  have  been  unable  to 
find  any  reference  to  this  name  in  later  publications  by  Grassi.  In  his 
articles  appearing  in  1883,  he  apparently  accepted  the  classification  of 
Leuckart — Shaidonema  strongyloides. 

PATHOLOGICAL    SIGNIFICANCE. 

The  fact  that  the  worms  were  so  frequently  present  in  the  severe 
diarrhoeas  of  Cochin  China  led  Normand  (1876,  1877,  1878)  to  assume 
that  they  played  an  important  part  in  the  fetiology  of  the  disease.  At 
that  time,  of  course,  the  so-called  Anguillula  intestinalis  and  Anguillula 
stercoralis  were  regarded  as  distinct  species.  Normand  (1877)  recog- 
nized the  fact  that  the  parasites  may  exist  in  the  intestinal  tract  for 
considerable  periods  of  time  without  producing  any  serious  S3^nptoms. 
Man  may  harbor  the  worm  for  years  with  little  or  no  inconvenience; 
there  may  be  noted,  perhaps,  only  a  slight  softness  of  the  dejecta,  or 
occasional  transient  attacks  of  diarrhoea.  Anything,  however,  which 
tends  to  diminish  the  resistance  may  offer  to  the  worms  the  opportunity 
to  produce  those  intestinal  changes  which  resiilt  in  the  clinical  picture 
of  Cochin  China  diarrhoea.  This  view  was  upheld  by  Laveran  (1877  "•  % 
Davaine  (1877),  Dounon  (1879),  Eoux  (1877)  and  Eibeiro  da  Luz  (1880). 
Libermann  (1877  ^-  ^),  however,  was  very  reserved  in  his  views  as  to  the 
part  played  by  the  worm. 

On  the  other  hand,  Chastang  (1878).  Breton  (1879),  Lutz  (1885)  and 
Calmette  (1893)  were  inclined  to  doubt  its  pathogenicity.  Grassi 
(1879  1)  found  the  parasites  in  the  stools  of  many  healtliv  in<lividuals 
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and  -while  confessing  that  it  was  hard  to  believe  that  their  action  was 
not  in  some  way  harmful,  yet  he  had  never  been  able  to  make  ovit  any 
special  symptoms  attributable  to  the  infection.  He  did  not  believe  that 
the  parasite  was  the  cause  of  Cochin  China  diarrhoea.  Later  (1883  ^) 
he  asserts  positively  that  "  AnguilhilsD  are  innocent  commensals  of 
man." 

Golgi  and  Monti  (1884,  1885),,  however,  found  distinct  anatomical 
changes  which  they  believed  to  be  dependent  upon  the  irritative  influ- 
ence of  the  worms,  evidences  such  as  could  leave  no  doubt  that,  in  some 
cases  at  least,  the  parasites  must  have  a  pathological  significance,  while 
Sonsino  (1891)  in  a  study  of  two  fatal  cases  found  evidence  that  the 
embryos  may  actually  penetrate  into  the  mucosa.  He,  as  well  as  Golgi 
and  Monti,  frequently  found  worms  occupying  the  lumina  of  Lieber- 
kiihn's  ducts,  while  later,  in  the  same  cases,  Venturi  (Sonsino  (1891)) 
discovered  eggs  and  embryos  in  the  depths  of  the  villi  and  mucosa. 
Sonsino  is  strongly  of  the  opinion  that  the  worm  may  cause  serious  and 
even  fatal  changes.  Riva  (1891)  likewise,  from  the  study  of  a  fatal 
case,  is  convinced  of  the  pathogenic  importance  of  the  parasite,  which 
he  is  inclined  to  consider  the  essential  causal  agent  of  the  disease.  The 
action  of  the  worms  is,  he  believes,  wholly  mechanical.  More  recently, 
Askanazy  (1900)  also  has  demonstrated  that  the  worms  may  actually 
penetrate  into  the  submucosa. 

Teissier  (189.5  '■ ').  indeed,  has  rcjiortcMl  a  roniai'kable  instance  in 
which  small  filariform  larvas  were  found  in  the  circulating  blood,  worms 
corresponding  closely  to  the  larvfe  of  a  parasite  present  in  the  stools, 
and  identified  by  him  as  Anguilhda  stercoralis.  As  has  been  mentioned, 
however,  there  were  peculiarities  about  the  case  observed  by  Teissier 
which  are  sufficient  to  give  rise  to  some  doubt  as  to  the  identity  of  the 
larvae  present  in  the  blood. 

Leichtenstern  (1898),  who  has  observed  the  constant  presence, 
through  years,  of  great  numbers  of  the  rhabditiform  embryos  in  the 
stools  of  individuals  in  a  relatively  normal  condition,  while  recognizing 
the  fact  that  the  presence  of  such  enormous  numbers  of  parasites  may 
have  a  marked  eflFect  in  increasing  the  severity  of  a  diarrhoea  when 
present,  yet  feels  convinced  that  such  a  diarrhoea  must  owt  its  origin  to 
6ome  other  primary  cause,  a  view  similar  to  that  previously  expressed  by 
Calmette  (1893). 

Perroncito's  (1880  '■  -■  ^'  ^)  theory  that  the  parasite  played  an  equal  part 
with  Vnrinarvt  diwdenrilix  in  tlie  jjroduction  of  the  severe  aiiremias 
observed  in  miners  and  tunnel  workers,  has  long  since  been  disproven. 
The  removal  of  Vuciiiorid  by  proper  treatment  is  sufficient  to  dispel 
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all  symptoms  of  miners'"  disease,  despite  the  fact  that  great  numbers 
of  the  rhabditiform  embryos  of  Strongyloides  iiitestinalis  frequently 
persist  in  the  dejecta  for  long  periods  of  time  after  the  disappearance 
of  all  evidence  of  the  sister  worms. 

The  weight  of  evidence  appears  to  be  in  favor  of  the  view  that, 
while  the  parasites  may  exist  in  the  intestine  for  long  periods  of  time 
without  ill  effects,  they  are  by  no  means,  as  Grassi  says,  "  innocent 
commensals  of  man."  It  would  seem  probable  that  this  parasite  alone 
may  be  the  primary  agent  in  many  cases  of  chronic  diarrhoea. 

The  deleterious  influence  of  the  worm  is  generally  supposed  to  be 
purely  mechanical  [Golgi  and  Monti  (1884,  1885),  Sonsino  (1891), 
Eiva  (1891),  Askanazy  (1900)],  although  Calmette  (1893)  suspects 
that  the  parasite  may  give  rise  to  substances  acting  as  chemical 
irritants. 

CLINICAL    ILANIFESTATIONS. 

The  clinical  picture  described  by  Normand  (1877)  in  his  cases  of 
Cochin  China  diarrhoea  is  that  of  a  chronic  diarrhoea,  rather  than  of 
a  dysentery.  This  commonly  begins  with  mild  dyspeptic  symptoms, 
eructations,  loss  of  appetite,  etc.,  and  a  diarrhoea  of  moderate  intensity, 
the  stools  being  soft  and  pasty — three  or  four  a  day;  the  actions  are 
often  more  frequent  in  the  early  morning  hours.  Not  uncommonly, 
this  condition  is  interrupted  by  temporary  exacerbations;  the  attacks 
are  sometimes  dysenteric  in  character,  the  stools  showing  mucus  and 
blood;  in  other  instances  more  choleraic,  the  dejecta  consisting  of  an 
abundant  flux  of  a  liquid  yellowish  material,  while  there  may  be 
vomiting,  cyanosis  and  collapse.  In  many  instances  recovery  occurs 
early  in  the  course  of  the  disease,  the  symptoms  gradually  clearing  up. 
In  other  cases  the  patients  pass  on  to  a  condition  of  extreme  emacia- 
tion with  great  prostration.  The  anaemia  is  not,  as  a  rule,  very  severe. 
Intercurrent  dysentery  is  not  uncommon  and  may  terminate  fatally. 

Barbagallo  (1897)  and  de  Silvestri  (1895)  have  reported  cases  in 
which  certain  nervous  manifestations  (headache,  vertigo,  tinnitus 
aurium.  feeling  of  prostration)  played  a  prominent  part  in  the  clinical 
picture.  In  de  Silvestri's  case  there  were  no  intestinal  symptoms. 
All  these  manifestations  ceased  with  the  disappearance  of  the  parasites 
under  treatment  with  male  fern. 
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TKEATMENT. 

The  treatment,  beyond  those  measures  of  rest  and  diet  such  as  are 
applicable  to  all  similar  conditions,  is  not  especially  satisfactory. 
Normand  (1877)  fancied  that  the  use  of  large  quantities  of  olive  oil 
was  of  a  certain  value  purely  from  its  mechanical  action. 

Perroncito  (1881)  believed  that  he  had  obtained  results  from  large 
doses  of  the  ethereal  extract  of  male  fern,  doses  as  large  as  12  grammes 
repeated  daily  until  the  disappearance  of  the  parasite.  In  other  in- 
stances he  gave  from  15-30  grammes  in  three  doses  during  the  morn- 
ing, and  repeated  these  daily,  until  the  disappearance  of  the  parasites 
from  the  stools.  De  Silvestri  (1895)  and  Barbagallo  (1897)  in  single 
cases,  also  report  good  results  from  the  use  of  male  fern.  Perroncito 
insists  particularly  upon  full  and  repeated  doses,  and  believes  that 
the  failure  to  obtain  good  results  depends  upon  the  fact  that  observers 
have  used  insufficient  quantities  of  the  drug  through  too  short  a  period 
of  time. 

On  the  other  hand,  Seifert  (188-3")  found  that,  in  doses  as  large  as 
20  grammes,  the  ethereal  extract  of  male  fern  was  without  effect. 
He  obtained  better  results  from  large  doses  of  thymol. 

Gi'assi  (1883')  also  vigorously  opposes  tlie  view  that  any  kuown 
anthelmintic  is  of  particular  value  in  the  treatment  of  this  disease. 
This  is  based  upon  his  own  experience  and  upon  the  fact  that  adult 
parasites  are  hardly  ever  found  in  the  stools  even  after  the  adminis- 
tration of  large  doses  of  the  drugs. 

Golgi  and  Monti  (1884,  1885)  and  Eiva  (1891)  also  found  that 
repeated  and  large  doses  of  these  anthelmintics  ajtpcarcd  to  have  little 
or  no  result. 

Cases. 

The  three  cases  which  are  here  brieily  reported  arc,  1  believe,  the 
only  instances  which  have  been  observed  in  the  United  States. 

The  first  of  these  occurred  in  the  Johns  Hopkins  Hospital  nearly 
four  years  ago,  and  was  i-ecognized  and  studied  by  R.  P.  Strong,  who 
wa.«,  at  that  time,  a  fourth-year  medical  student.  Lieutenant  Strong, 
who  is  now  the  director  of  the  U.  S.  Army  Pathological  Laboratory 
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at  Manila,  has  made  a  careful  study  of  this  ease,  which  will  be  rejjorted 
later  by  him,  in  the  Johns  Hopkins  Hospital  Reports.*  He  deserves 
entire  credit  for  the  discovery  ajid  recognition  of  the  first  instance  of 
this  disease  noted  in  this  country. 

Case  I. — Amwbic  dysenterij.  Intestinal  infection  with  Trichomonas  intesti- 
nalis  and  Strongyloides  intestinalis.  Atjscess  of  the  liver.  Death.  Autopsy. 
K.,  a  German  tailor,  aged  52,  was  admitted  to  the  Johns  Hopkins  Hospital 
December  7,  1896,  complaining  of  pain  and  swelling  in  the  right  side  of  the 
abdomen  and  over  the  lower  ribs. 

The  famili/  history  1\as  negative. 

He  had  had  measles  in  childhood,  but  had,  otherwise,  been  a  healthy 
man.  He  denied  venereal  disease.  Up  to  six  years  before  he  had  lived 
in  Austria. 

Three  years  before  entry,  he  began  to  suffer  from  diarrhoea  which  has 
continued  since  that  time.  There  were,  daily,  from  two  to  five  operations, 
which  occasionally  contained  a  little  blood;  these  were  never  associated 
with  pain.  Three  weeks  before  entry,  he  began  to  notice  a  painful  swel- 
ling on  the  right  side  over  the  lower  ribs.  He  had  had  no  chills,  and,  so 
far  as  he  knew,  no  fever.  For  two  weeks  before  entry,  there  had  been 
a  slight  cough  without   expectoration. 

On  physical  examination  the  patient  appeared  emaciated  and  feeble.  The 
heart  and  lungs  were  negative.  The  abdomen  was  somewhat  distended; 
there  was  slight  movable  dulness  in  the  flanks.  On  the  right  side,  over 
the  cartilages  of  the  tenth  and  eleventh  ribs,  there  was  a  large  fluctuating 
swelling,  TV^  cm.  in  diameter:  no  tenderness  or  redness.  Between  this 
and  the  spinal  column  there  was  another  swelling,  about  15  cm.  in  diameter, 
extending  from  the  median  line  to  the  spinous  processes,  and  from  the 
twelfth  rib  over  the  crest  of  the  ilium,  downward  for  a  distance  of  7  cm. 
The  skin  over  this  was  adherent,  red  and  thin.  The  hepatic  flatness  was 
not  increased. 

Immediately  after  entrance  this  abscess  was  incised  and  evacuated. 
The  cavity  contained  a  large  amount  of  thick  puriform  material  with 
dark  shreds  and  considerable  greyish  debris.  The  cavities  extended  into 
the  liver.  About  one  and  a  half  pints  of  fluid  were  evacuated;  this  con- 
tained many  large,  actively  motile  amoebse,  showing  the  ordinary  char- 
acteristics of  Amaba  coli. 

The  patient  had  daily,  from  one  to  four  fluid,  brownish,  foul-smelling 
stools,  which  contained,  besides  Ameeha  coli,  considerable  numbers  of 
Trichmtwnas  intestinalis.  as  well  as  numerous  small  nematodes  identified  by 
Mr.  Strong  as  the  rhabditiform  embryos  of  Strongyloides  intestinalis. \  The 
wound  and  the  colon  were  irrigated  with  a  solution  of  quinine,  1/1000. 

The  patient  gradually  failed  and  died  on  December  26. 

♦Since  the  completion  of  this  article  Strong's  paper  has  been  published.  (See 
Bibliography.) 

+  The  conclusions  of  Mr.  Strong  were  confirmed  by  Dr.  Charles  Wiirdell  Stiles  of 
the  U.  S.  Bureau  of  Animal  Industrv. 
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The  protocol  of  the  autopsy  reads:  "Amoebic  dysentery;  ulceration  of 
the  large  intestine;  retroperitoneal  abscess;  operation  wounds;  parenchy- 
matous and  fattj'  degeneration  of  the  kidneys;  fatty  liver;  fatty  heart; 
intestinal  infection  with  Trichomonas  iiitestiiKilis  and  StroiigyloidfS  intesti- 
nalis." 

"The  abscess  cavity  measured  7x5  cm.  on  the  surface  of  the  liver  and 
extended  about  4  cm.  into  the  substance  of  the  organ.  Scrapings  from 
the  wall  showed  numerous  amoebae."  The  rectum  and  colon  are  the  seat 
of  widespread  ulceration.  The  ulceration,  which,  for  the  most  part,  is 
shallow,  leads  in  the  rectum,  into  an  eroded,  thickened,  hsemorrhagic  ap- 
pearance. The  ulcers  vary  in  size;  the  largest  are  irregular  in  shape, 
measuring  about  3  cm.  in  length  bj'  2  in  width.  A  typical  ulcer  of  mod- 
erate size  might  be  described  as  follows:  "  Shallow,  smooth  base,  some- 
what striated,  evidently  formed  by  the  muscular  coat  of  the  intestine; 
white  and  shining,  covered  with  whitish  shreds.  The  outline  of  the  ulcer 
is  irregular  but  rather  clean-cut,  the  edges  are  slightly  elevated  and  are 
hsemorrhagic,  neither  shredded  nor  undermined."  There  are  a  large  num- 
ber of  small  pea-sized,  and  smaller,  yellowish,  slightly  elevated  areas,  with 
red  margins,  which  on  careful  study,  appear  as  shallow  ulcers,  filled  with 
a  tenacious  yellowish  material.  As  they  grow  larger,  they  become  like  the 
typical  one  described  above.  About  the  middle  of  the  transverse  colon  are 
two  perforating  ulcers,  rather  more  hiBraorrhagic  about  the  edges;  the 
mucous  membrane  is  turned  outward.  Coverslips  from  the  ulcers  show 
active  amoebae.  The  small  intestine  is  free  from  ulceration:  here  and  there 
is  a  slight  ecchymotic  patch.  The  abscess  of  the  liver  communicates  with 
the  large  retroperitoneal  abscess  opening  outward  as  first  described. 

All  along  tho  tract  ^fr.  Strong  and  Br.  Stiles  found  embryos  of 
Strongyloides  intestinalis.  The  parthenogenetie  mother  worms  were 
found  in  the  duodenum  and  jejunum.  Careful  studies  by  Mr.  Strong 
resulted  in  the  cultivation  of  but  one  adult  male  of  the  free  living 
generation ;  adult  females  were  never  found.  The  direct  transforma- 
tion of  the  rhabditiform  embryos  into  the  filariform  larvaa  was 
a])parently  the  rule.  A  similar  observation  has  been  previously  made 
by  Grassi  and  Scgre  (1887),  who  found  that,  when  the  direct  trans- 
formation predominated,  the  sexually  differentiated  forms  found  in 
the  cultures  were  always  males. 

The  point  of  origin  of  the  infection  in  this  case  was  not  apparent. 
The  disease  may  have  been  brought  from  Austria.  The  patient  lived 
in  the  city,  and  drank  city  water. 

Case  II. — Chronic  diarrhwa.  Rhahditifwin  emiiri/os  of  Strongyloides  intes- 
tinalis ill  the  dejecta.    Great  improvement. 

N.  P.,  a  Vjoy  seventeen  years  old,  presented  himself  at  the  dispensary  of 
the  Johns  Hopkins  Hospital   May   10,  1899,  complaining  of  diarrhoea. 


William  Sydney  Thayer  91 

The  family  history  was  good.  There  was  no  history  of  pulmonary  trouble 
or  of  hereditary  disease.  The  grandmother,  however,  had  suffered  from 
diarrhoea  for  live  years. 

Personal  History. — The  patient  had  lived  all  his  life  in  Richmond,  Vir- 
ginia, where  he  had  been  a  newsboy.  He  had  had  measles,  whooping  cough 
and  mumps  as  a  child,  and  had  suffered,  off  and  on,  from  indefinite  pains 
in  both  legs.  Five  years  before  entry,  he  had  tertian  ague.  There  was  no 
history  of  pneumonia,  typhoid  fever,  acute  rheumatism,  pleurisy,  scarlet 
fever  or  chorea. 

Present  Illness. — Three  years  before  entry,  the  patient  began  to  suffer 
from  diarrhoea,  the  attack  coming  on  during  the  summer.  The  operations 
were  very  thin  and  yellowish  in  color,  containing  at  times,  a  small  amount 
of  blood,  though  this  had  not  been  noticed  for  a  year  and  a  half.  The 
passages  occurred  mainly  at  night,  as  many  as  seven  or  eight  in  twenty- 
four  hoTirs,  but  of  late,  only  about  four.  There  was,  at  first,  considerable 
mucus  in  the  stools,  but  this  had  been  practically  absent  during  the  two 
years  before  entry.  The  diarrhoea  had  never  been  associated  with  pain. 
The  patient,  however,  had  grown  gradually  weaker,  and  during  the  second 
year  of  his  illness,  he  had  been  compelled,  on  one  occasion,  to  take  to  bed 
for  two  weeks.  Four  months  before  entry,  he  gave  up  work  on  account 
of  weakness,  though  up  to  that  time  he  had  felt  tolerably  well. 

The  appetite  was  good;  there  were  no  dyspeptic  symptoms. 

Physical  examination  showed  a  slight,  emaciated  boy,  of  sallow  color.  The 
lips  and  mucous  membranes  were  somewhat  pale;  tongue  clean.  The  chest 
was  long  and  narrow;  the  intercostal  spaces,  deep.  Examination  of  the 
heart  and  lungs  was  negative.  The  abdomen  was  not  distended.  The 
spleen  was  not  palpable.  No  peristaltic  movements  were  visible.  There  was 
no  enlargement  of  the  liver;  no  glandular  enlargements;  no  scars  upon 
the  shins.  There  was  an  irregular  chloasma-like  pigmentation  over  the 
cheeks,  forehead  and  temples,  and  also  over  the  lower  thorax  and  lateral 
abdominal  regions. 

The  uriie  showed  no  abnormalities. 

The  blood  showed  no  marked  leucocytosis;  no  apparent  increase  in  the 
eosinophilic  cells. 

A  rectal  tube  was  introduced  and  a  little,  brownish,  foul-smelling 
material  was  obtained  which,  besides  muscle  fibres,  vegetable  cells, 
granular  debris  and  bacteria,  contained  a  number  of  actively  motile 
worms.  In  the  fresh  stools  these  measured  all  the  way  from  0.225  to 
0.4.5  mm.  in  length  by  0.02  to  0.03  mm.  in  breadth.  They  showed  the 
characteristic  structure  of  the  rhabditiform  embryos  of  Sirongyloides 
intesimalis,  and  manifested  a  very  active  serpentine  motion. 

The  worm  diminished  slightly  in  size  toward  the  head,  and  gradu- 
ally tapered  down  to  a  slender  sharp-pointed  tail.  The  periphery 
was   somewhat    refractive,    while   within,    the    substance    was   filled 
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with  glistening,  refractive,  fat-like  granules,  which  were  rather 
larger  toward  the  head  than  toward  the  tail.  The  digestive  tract 
was  clearly  visible.  The  oesophagus,  between  one-third  and  one- 
foiirth  the  length  of  the  worm,  showed  a  long  bulb-like  enlargement 
at  the  head,  followed  by  a  constriction,  which  was  succeeded  by  a 
second,  round  or  ovoid  enlargement.  The  digestive  canal  was  readily 
seen  to  pass  through  these  enlargements,  the  anal  outlet  being  situ- 
ated at  a  distance  equalling  about  one-tenth  the  length  of  the  worm 
from  the  tip  of  the  tail.  The  anterior  lip  of  the  anal  outlet  was 
slightly  raised.  The  mouth  of  the  worm  appeared,  as  far  as  could  be 
made  out,  to  consist  of  a  simple  funnel-shaped  depression.  In  some 
instances  the  lumen  of  the  digestive  canal  appeared  to  pass,  as  a 
straight  line,  directly  through  the  oesophageal  enlargements.  In 
others,  a  distinct  triangular  opening  was  to  be  seen  in  the  middle 
of  the  second  of  the  oesophageal  enlargements;  the  outlines  of  this 
opening  were  glistening  and  refractive,  indicating  clearly  the 
tridentate,  chitinous  armature  described  by  other  observers  (Plate 
IX,  Fig.  B).  In  many  of  the  active  worms  repeated  and  violent 
muscular  contractions  of  the  oesophagus  were  observed;  these  were 
especially  marked  about  this  tridentate  opening,  which  appeared  to 
open  and  shut  with  considerable  force.  The  outlines  of  the  cells 
bordering  the  digestive  tract,  of  which,  in  some  instances,  a  slight 
suggestion  could  be  made  out,  wore  as  a  rule  entirely  hidden  by  the 
glistening  granules  above  mentioned.  A  little  below  the  middle  of 
the  worm,  on  the  same  side  as  the  anal  opening,  was  a  small  clear 
elliptical  area — the  rudiment  of  the  sexual  apparatus. 

The  boy  refused  to  enter  the  hospital,  and  was  observed  in  the 
out-patient  department  off  and  on  up  to  June  21.  As  far  as  possible 
ho  was  kept  in  bed,  placed  upon  a  liquid  diet  and  given  large  doses 
of  bismuth.  On  May  21  he  was  given  santonin  0.25  (gr.  IV)  fol- 
lowed by  castor  oil,  but  no  adult  worms  were  found  in  the  discharges. 
He  was  also  given  high  rectal  irrigations  with  a  1/2500  solution  of 
quinine;  on  several  occasions  thymol  Avas  administered,  a  dose  of  2. 
(gr.  XXX)  being  given  on  successive  houi"s,  followcil  l)y  a  castor 
oil  puirge. 
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The  diarrhoea  gradually  diminished  and  the  stools  became  semi- 
solid in  character,  but  still  contained  parasites. 

Xo  adult  forms  of  the  worm  were  ever  foimd.  The  parasites 
always  died  a  few  houi-s  after  the  stools  were  obtained,  possibly  owing 
to  the  fact  that  urine  was  mixed  with  the  dejections. 

On  June  21,  the  patient  went  home,  but  returned  to  the  hospital 
on  July  7.     He  was  immediately  put  to  bed,  and  given  a  liquid  diet. 

The  stools,  at  this  period,  were  from  three  to  four  in  number  iu 
the  twenty-four  hours.  They  were  at  first  of  a  pea-soup  consistency, 
having  a  peculiar,  foul  smell,  and  sho\\'ing  considerable  numbers  of 
the  rhabditiforni  enibiyos. 

For  a  time  the  only  medicinal  treatment  consisted  of  large  doses 
of  bismixth. 

The  stools  were  collected,  free  from  the  urine,  and  various  culture 
experiments  were  made.  In  some  instances  the  faeces  were  placed 
in  the  thermostat  and  kept  at  body  temperature.  In  others,  they 
were  kept  near  the  thennostat  at  a  temperatiu-e  of  about  30-35°  C 
Other  specimens  were  kept  at  room  temperature,  20-30°  C.  When 
but  few  parasites  were  present,  the  method  suggested  by  Leichten- 
stem  (1898)  was  followed.  In.  the  semi-solid  or  solid  faeces  an  exca- 
vation was  made  into  which  a  little  water  was  poured.  Some  houi*s 
later  considerable  numbers  of  parasites  were  usually  to  be  found  in 
this  fluid.  The  best  results  weve  obtained  in  those  cultures  made 
at  a  temperature  of  30-35°  C. 

The  smallest  worms,  found  immediately  after  the  passage,  meas- 
ured about  0.22  mm.  in  length.  During  the  next  several  houi-s  they 
were  observed  to  grow  considerably  until  the  largest  measured  aboiit 
0.55.  Within  twelve  hours  the  greater  number  of.  the  worms  in  the 
cultures  had  lost  the  distinct  oesophageal  enlai-gements,  and  had 
become  somewhat  longer  and  more  delicate  in  stmcture,  measiuing 
usually  from  0.4  to  0.55  mm.  in  length  and,  in  one  recorded  instance, 
as  much  as  0.7  mm.  Sometimes  examples  were  found  measuring 
under  0.4  mm.  The  transverse  measurement  was  from  0.016  to 
0.022  mm.  All  trace  of  the  rudiment  of  the  sexual  gland  disappeared. 
The  anal  opening  was  not  evident  and  the  digestive  tract  was  visible 
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only  tliroiigli  aliont  half  the  leng-tli  of  the  worm.  In  the  posterior  half 
of  the  worni  the  granules  were  darker  and  apparently  more  abundant 
than  in  the  anterior  portion.  Though  the  parasite,  as  a  whole,  was 
more  delicate  than  the  younger  embryo,  the  tail,  as  shown  in  the  draw- 
ing (Plate  IX,  Fig.  C),  was  blunter,  and  more  truncated.*  The  para- 
sites became  rather  more  active,  showing  most  striking  serpentine 
movements,  the  appearance  coinciding  entirely  with  that  of  the  filari- . 
form  larvfe  of  Strongyloides  intestinalis. 

Though  the  stools  were  carefully  studied  during  the  patient's  entire 
stay  in  the  hospital  from  July  7th  to  August  26th,  and  though  cul- 
tures were  made  daily,  no  examples  of  the  sexually  differentiated, 
free  living  generation  were  found. 

In  many  of  the  specimens,  worms  were  seen  in  which  the  outer 
layer  had  the  appearance  of  a  refractive  capsule,  but  no  constant 
relation  between  this  appearance  and  the  development  of  the  para- 
site was  traced.  The  moulting  or  escape  of  the  parasite  from  this 
capsule  was  not  observed. 

In  one  or  tAvo  instances  the  worm  was  noted,  under  observation, 
to  become  suddenly  motionless,  while  the  capside  became  shnmken 
and  greatly  wrinkled.  The  finer  points  in  the  internal  structure  of 
the  worm  were  no  longer  to  be  made  out. 

Although,  as  has  been  noted,  the  stools  were  examined  several 
times  a  day  through  a  long  period  of  tune,  only  two  eggs  were  ob- 
served. These  were  similar  in  appearance.  Di'awings  and  meas- 
urements were  made  of  one  seen  on  the  twenty-fifth  of  May. 

These  eggs  were  of  elliptical  shape,  with  a  thin,  clear,  yellowish 
shell,  and  granular  contents  which  could  be  clearly  seen  to  be  in 
segmentation.  The  measurements  were  about  0.0675  by  0.0375  mm. 
The  appearances  have  been  admirably  reproduced  by  Brocdel  in 
Plate  IX,  Fig.  A. 

The  condition  of  the  patient  improved  greatly  during  his  stay  in  the 
hospital.  During  the  greater  part  of  the  time,  he  received  subnitrate  of 
bismuth  1.3  grm.  (grains  XX)  three  times  a  day.    On  several  occasions  thy- 

*  The  truucation  of  the  tail  was  uot  noted  in  the  detailed  observations,  whlcli  were 
made  before  a  careful  study  of  the  literature  was  undertaken.  In  the  admirable 
drawings,  however,  made  from  life  by  Broedcl,  this  point  is  clearly  brought  out. 
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mol  was  giTen,  in  two  doses  of  2.  (gr.  XXX)  each,  and  on  July  28  the  patient 
took  two  doses,  separated  by  an  interval  of  an  hour,  of  4.  (3i)  each,  of  fluid 
extract  of  male  fern,  followed  by  a  purge.  Neither  eggs  nor  mother 
worms  were  found  in  the  stools.  The  stools  gradually  became  more 
solid,  though  never  formed;  they  diminished  in  frequency  until,  finally, 
there  were  only  one  or  two  in  the  twenty-four  hours.  The  diet  was  gi'adu- 
ally  increased,  and,  on  July  24,  he  was  allowed  the  regular  ward  diet.  On 
August  26  the  patient  was,  at  his  own  request,  discharged;  he  had  gained 
twenty-two  and  one-half  pounds  in  weight.  On  discharge,  however,  the 
pasty  stools  still  showed  moderate  numbers  of  the  rhabditiform  embryos. 
Through  friends  of  the  patient  it  has  been  learned  that  he  has,  since  this 
time,  regained  his  normal  weight  and  strength.  He  has  resumed  his  occu- 
pation and  considers  himself  well. 

Case  III. — Arteriosclerosis.  Chronic  diarrUaa.  Embryos  of  Strongyloides 
intestinalis  in  the  dejecta.    Secondary  anwmia.    Gnat  improvement. 

J.  S.,  a  farmer,  a  native  of  Anne  Arundel  County,  Maryland,  was  admitted 
to  the  Johns  Hopkins  Hospital  July  19,  1900,  complaining  of  diarrhoea  and 
swelling  of  the  feet. 
Family  history,  good. 

Personal  History. — The  patient  had  been  a  farmer  all  his  life;  his  habits 
had  been  good;  he  had  had  no  serious  illnesses,  excepting  chills  and  fever 
fifteen  years  before  entry.  He  had  always  lived  in  Anne  Arundel  County, 
having  never  been  out  of  the  State  of  Maryland,  excepting  for  occasional 
visits  to  Washington. 

Present  Illness. — He  had  considered  himself  a  healthy  man  up  to  six 
months  ago  when  he  began  to  suffer  from  diarrhoea  and  progressive  weak- 
ness. The  stools,  very  frequent  and  sometimes  involuntary,  were  fluid 
but  never  contained  blood.  They  were  small  in  quantity.  During  two 
months  before  entr3-,  the  patient  had,  on  several  occasions,  vomited  a  yel- 
lowish fluid.  For  two  days  he  had  had  sharp,  griping  pains  in  the  lower 
abdomen.     For  a  month  there  had  been  oedema  of  the  feet  and  legs. 

There  had  been  no  increase  in  the  quantity  of  urine,  though  there  was 
increased  frequency  of  micturition.  During  the  last  two  months  he  had 
lost  considerably  in  weight  and  much  in  strength. 

The  examination  by  Dr.  Futcher,  on  .January  20,  showed  a  rather  sparely 
nourished  man  with  a  sallow  complexion;  moderate  thickening  of  the  radial 
arteries;  no  arcus  senilis.  Physical  examination  of  the  lungs  was  negative. 
Heart  sounds,  feeble,  but  free  from  murmurs.  The  abdomen  was  slightly 
full,  bulging  in  the  flanks,  everywhere  flat  excepting  in  the  umbilical 
region,  where  there  was  tympany;  hepatic  flatness,  continuous  with  the 
abdominal   flatness. 

On  July  19,  a  count  of  the  leucocytes  showed  21,500  to  the  cubic  milli- 
metre. Kectal  examination  showed  numerous  external  hemorrhoids:  the 
mucous  membrane  felt  rather  soft;  the  prostate  was  enlarged  and  firm. 

The  dejecta  were  fluid,  containing  considerable  pus,  great  numbers  of 
leucocytes,  a  few  red  blood  corpuscles  and  a  moderate  number  of  charac- 
teristic rhabditiform  embryos  of  Strongyloides  intestinalis. 

The  urine  showed,  throughout,  a  rather  low  specific  gravity.  1005-101.'), 
a  trace  of  albumin,  and  occasional  hyaline  and  granular  casts.  The  quau- 
tity  was  not  accurately  estimated. 
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The  temperature  was  slightly  elevated,  100.6°.  on  entry,  but.  with  the 
exception  of  an  occasional  rise  to  a  point  between  99°  and  100°,  it  remained 
sub-normal  during-  the  greater  part  of  the  patient's  sojourn  in  the  hospital. 

On  July  26,  a  blood  count  showed:  Eed  blood  corpuscles  3,560,000;  haemo- 
globin 57%. 

On   entry   the   patient   was   given   a   milk   diet,   and  powders   containing: 

Tannogen  0.65  grm.  (grains  X),  bismuth,  subnit.  2.  (gr.  XXX)  every  four 
hours;  also  diuretin,  citrate  of  potassium  and  strychnine.  On  the  follo^ving 
day,  the  medicines,  with  the  exception  of  the  strychnine,  were  omitted. 

On  the  2-lth,  tannogen  0.65  (gr.  X)  every  four  hour.^,  was  again  ordered, 
as  well  as  diuretin  0.325  (gr.  Y)  every  four  hours. 

There  was  little  improvement  in  the  condition  of  the  patient  up  to 
August  12,  on  which  date  he  was  given  thymol  0.325  (gr.  V)  every  four 
hours,  which  resulted  in  an  apparent  improvement  for  about  two  weeks, 
after  which  time  the  diarrhoea  returned.  On  August  21  the  tannogen  was 
discontinued,  and  the  patient  was  given  subnitrate  of  bismuth  1.3  (gr.  XX) 
every  four  hours.  On  August  31  the  bismuth  was  omitted  and  the  tan- 
nogen was  discontinued  again  September  4.  and  salol  0.325  (gr.  Y)  everj' 
four  hours  was  ordered.  On  August  13,  the  thymol  was  discontinued  and 
four  doses  of  santonin  were  given  at  hourly  intervals  without  any  striking 
results.  The  number  of  movements,  however,  became  somewhat  reduced 
and  the  general  condition  of  the  patient  was  considerably  better.  There 
was  a  gain  of  twenty-one  and  a  half  pounds  in  weight  between  July  29 
and  September  17,  the  date  of  his  discharge. 

Cultures  from  the  fseees,  made  according  to  the  same  methods  as 
in  the  last  case,  showed  the  direct  transformatiou  of  the  rhabditiform 
embryos  into  the  filariform  larvse ;  the  change  was  complete,  in  many 
instances,  \vithiii  twelve  hours.  No  adult  forms  of  the  sexually 
differentiated,  free-livang  generation  were  observed.  No  eggs  were 
found  in  the  stools,  nor  were  any  examples  obsen'ed  of  the  parthen- 
ogenetic  mother  womi. 

These  three  cases  are  interesting  in  that  they  are  the  iirst 
which  have  been  observed  in  this  country.  Of  especial  import- 
ance is  the  question  regarding  their  point  of  origin.  In  the  first 
case  it  is  possible,  though  scarcely  probable,  that  the  disease  maj'  have 
been  acquired  in  Austria.  In  the  second  and  third,  however,  the 
disease  must  have  originated  here. 

The  behavior  of  the  parasite  on  culture  was  similar  to  that  com- 
monly observed  in  cases  arising  in  temperate  climates.  In  all  three 
cases,  the  direct  transformation  of  the  rhabditiform  embryos  into  the 
filariform  larvse  predominated.     In  one  instance  only,  was  a  single 
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sexually  differentiated  form  of  the  intermediate,  free  generation  ob- 
served. 

Question  might  be  raised  with  regard  to  the  nature  of  the  eggs 
observed  in  Case  H.  The  size  of  the  one  in  which  measurements 
were  made,  exceeded  that  attributed  to  the  eggs  of  the  partheno- 
genetic  mother  worm  by  many  authors.  Thus,  Grassi  and  Parona 
(1879)  give  the  measurements  of  the  eggs  as  0.06  x  0.04  mm.,  while 
Braun  (1895),  in  his  manual,  gives  the  measiirements  as  0.050  to 
0.058x0.030  to  0.034  mm.,  and  Eailliet  (1895)  gives  the  same 
measurements.  Again,  most  authoi-s  are  unanimous  in  stating  that 
the  eggs  are  present  in  the  stools  only  with  the  greatest  raiity. 

There  can,  however,  be  little  doubt  as  to  the  nature  of  the  two 
eggs  observed  in  this  case. 

(1)  In  the  first  place  it  will  be  remembered  that  they  were  found 
only  upon  two  occasions,  although  a  careful  daily  search  was  made 
through  several  months.  Moreover,  all  authors  who  have  had  much 
experience  with  the  parasite,  have  noted  the  occasional  presence  of 
eggs  in  the  fresh  stools. 

(2)  Their  general  conformation  agreed  entirely  with  that  of  the 
eggs  of  the  parthenogenetic  mother  worm. 

(3)  The  measurements,  though  larger  than  those  given  by  Grassi 
and  Parona  and  in  most  text-books,  agree,  however,  with  those  given 
by  Golgi  and  Monti  (1884,  1885)  in  their  careful  and  accurate  study, 
and  also  by  Riva  (1891).  These  observers  state  that  the  diameters 
vary  from  between  65  and  70  /^  in  length,  by  30-39  i«  in  breadth. 

Another  objection  which  might  be  opposed  to  the  assumption  that 
these  were  eggs  of  Strongyloides  intestinalis,  is  the  fact  that,  in  each 
instance,  they  were  in  the  process  of  segmentation,  and  did  not  yet 
contain  the  completely  developed  embryo.  Might  they  possibly  have 
been  the  eggs  of  Uncinaria  duodenalis?  This  can  be  easily  ruled 
out,  both  on  accoimt  of  their  greater  size,  as  well  as  because  of  the 
fact  that  they  were  found  on  but  two  occasions.  In  uncinariasis 
the  eggs  are  always  numerous. 

They  could  not  have  belonged  to  the  sex-ripe  intermediate  gene- 
ration; (1)  because,  on  careful  search,  the  adult  parasites  were  never 
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found;  (2)  because  they  were  found  in  fresh  stools.  It  may  not  be 
impossible  that  these  special  examples  may  have  represented  eggs 
in  which  the  process  of  development  had,  for  some  reason,  been 
arrested. 

Another  question  which  arises  in  connection  with  this  case  is  the 
following:  Do  these  instances  represent  an  outbreak  of  the  disease 
due  to  parasites  which  have  been  imported  within  recent  years,  or 
are  we  to  assume  that  this  worm  has  long  existed  among  iis? 

"When  one  considers  the  infreqTiency  with  which  systematic  ex- 
aminations of  the  faeces  are  made,  it  seems  to  me  unnecessary  to 
assume  that  the  worm  has  been  recently  imported.  It  is  highly 
desirable  that,  both  in  our  hospitals  and  in  private  practice,  more 
systematic  and  thorough  examinations  of  the  faeces  should  be  under- 
taken than  are  at  present  customary.  It  is  safe  to  say  that  if  micro- 
scopical examination  of  the  ffeces  were  carried  out  as  regularly  and 
systematically  as  is  the  microscopical  examination  of  the  urine  and 
the  blood,  a  number  of  interesting  and  important  oliscrvations  would 
follow. 

An  especially  interesting  point  in  connection  with  the  history  of 
this  parasite  is  its  frequent  association  with  Uncinaria  duodenal i.t. 
Grassi  (1879*)  early  emphasized  the  frequency  of  combined  infec- 
tions, while  Perroncito  (1880  ^'^  1881,  1882,  1883),  Sahli  (1882),  and 
others  have  also  brought  out  this  fact  in  connection  with  their  studies 
of  the  epidemic  among  the  workers  in  the  St.  Gothard  Tunnel.  Of 
30  of  Grassi's  autopsies  in  Milan  in  which  AnguiUuIa  intestinnlis 
was  found,  Uncinaria  was  also  present  in  25.  Lutz  (1885)  in 
Brazil,  in  35  cases  of  infection  with  this  parasite,  found  a  combined 
infection  with  Uncinaria  in  30,  or  85.7^.  The  conditions  under 
which  the  two  parasites  flourish  seem  to  be  similar,  and  the  discovery 
that  one  of  the  worms  exists  among  us,  should  oix>n  our  minds  to  tiu^ 
p<^)ssil)ility  of  the  presence  of  the  other.*  Esix>ciaily  should  it  empha- 
size the  importance  of  a  careful  examination  of  the  stools  in  all  sus- 
picious cases  of  anrcmia. 

*  While  this  article  is  in  press,  Dr.  John  L.  Yates,  Assistant  in  Patholojjy,  Johns 
IIopl<lns  rnivcrsity,  has  discovered  at  autopsy  a  case  of  Uncinariasis  (Auclivlos- 
tomiasis)  at  the  Baltimore  City  Asylnni  at  Bay  View. 
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The  relation  of  the  parasite  to  the  diarrhcea  in  these  three  instances 
is  somewhat  questionable.  In  Case  I,  the  exciting  cause  of  the  pro- 
cess is  uncertain,  the  parasite  having  been  associated  with  Amoeha 
coli.  In  Cases  II  and  III,  however,  there  was  no  apparent  cause  for 
the  diarrhoea  other  than  the  presence  of  these  nematodes.  And 
while,  in  both  instances,  the  parasites  were  present  upon  the  discharge 
of  the  patient,  improvement  was  associated  with  a  great  rediiction 
in  their  number. 

In  conclusion  one  may  be  jiistificd  in  emphasizing  the  following 
points : 

(1)  Diarrhcea  associated  with  the  presence  of  Strongyloides  intesti- 
nalis  occurs  in  the  United  States. 

(2)  The  obsei-vation,  in  the  Johns  Hopkins  Hospital,  of  three 
cases  within  three  years,  cases  originating  probably  in  Maryland  and 
Virginia,  suggests  that  this  parasite  may  be  more  frequent  than  has 
hitherto  been  supposed. 

(3)  As  in  most  cases  originating  elsewhere,  in  temperate  climates, 
the  development  of  the  sexually  differentiated,  free  living  generation 
was  in  these  instances  apparently  unusual,  the  direct  transformation 
of  the  rhabditiform  embryos  into  filariform  larv^  predominating. 

(4)  The  discovery  of  the  existence  of  Strongyloides  intestinalin 
should  emphasize  the  possibility  that  Uncinaria  duodenalis  may  also 
occur  in  this  country. 

(o;  More  systematic  examinations  of  the  faeces  both  in  public 
clinics  and  in  private  practice  are  much  to  be  desired. 
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DESCRIPTION  OF  PLATE    IX. 

These  figures  were  drawn  from  life  by  Max  Broedel,  Leitz,  Objective  7,  Ocular  .3. 

A.  Ege;  of  Strongyloidex  intestinalis  (parasitic  mother  worm)  found  in  stools  of 
Case  II,  on  May  3.5,  1899. 

B-  Rhabditiform  embryo  of  Stronyjjloides  intestinalis  from  the  stools. 

C.  Filariform  larva  of  Strongyloides  intestinalis  derived,  by  direct  transformation, 
from  a  rhabditiform  embrvo. 
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THE  EFFECTS  OF  SUBMIJSTIMUM  DOSES  OF  STKYCHNINE 
m  KEPHRECTOMIZED  RABBITS. 

Bt  S.  J.  MELTZER,   M.  D.,  and  W.  SALANT,  B.  S.,  M.  D. 
{A  Study  from   the   Hockefeller  InstUate  for  3ledical  Research.^) 

By  whatever  method  poison  is  introduced  into  the  animal  body, 
the  general  effect  depends  upon  its  presence  within  the  circulating 
blood.  The  quantity  present  at  any  time  is  regulated  by  the  degree 
of  absorption  of  the  poison  into  and  its  elimination  from  the  blood. 
"With  a  given  dose  of  poison  the  effect  is  greater  the  quicker  it 
reaches  the  circulation,  or  the  more  slowly  it  is  eliminated  from  it. 
A  dose  which  is  ineffective  when  introduced  into  the  alimentary 
canal,  may  produce  a  maximum  effect  when  given  by  subcutaneous 
injection,  or  a  dose  which  fails  to  produce  a  reaction  in  a  single 
subcutaneous  injection  may,  owing  to  better  facilities  for  absorp- 
tion, become  distinctly  effective,  as  was  shown  by  Meltzer,"  when 
divided  into  several — three  or  more — parts  and  injected  into  sepa- 
rate areas. 

On  the  other  hand,  poor  absorption  may  be  compensated  by 
restricted  elimination;  curare,  for  instance,  is  ineffective  from  the 
stomach.  Claude  Bernard  and  L.  Hermann'  have  shown,  however, 
that  this  was  not  the  case  when  the  ureters  or  the  blood-vessels  of 
the  kidney  are  ligated.  In  a  normal  animal  the  degree  of  elimi- 
nation of  curare  by  the  kidney  is  sufficient  to  keep  the  amount  of 
poison  within  the  blood  below  the  effective  minimum  when  its 
absorption  is  as  slow  as  is  that  from  the  mucous  membrane  of  the 
stomach.  But  even  with  this  moderate  absorption  the  amount  of 
curare  within  the  blood  will  sooner  or  later  reach  the  effective  dose 

1  This  study  was  made  in  the  Department  of  Pathology  of  the  College  of  Physiciaus 
and  Surgeons  of  Columbia  University. 

'Meltzer,  Jour,  of  Exp.  Medicine,  1901,  V,  p.  643. 

■!L.  Hermann,  Arch.  f.  Aniit.,  P/ii/siol.  u.  wisscnsch.  Med.,  1867,  p.  64.' 
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as  soon  as  there  is  no  longer  an  eliminating  power  sufficient  to  pre- 
vent its  accumulation. 

These  principles  which  were  set  forth  by  Claude  Bernard,  L. 
Hermann  and  others,  and  were  recently  pointed  out  again  by  E. 
Harnack*  and  other  wi-iters,  have  obviously  their  application  also 
to  poisoning  by  strychnine,  the  elimination  of  which  takes  place 
chiefly  through  the  kidneys.  M.  Adam'  discovered  in  a  case  of 
human  poisoning  the  appearance  of  strychnine  in  the  ui-ine  nine 
minutes  after  its  injection,  and  Ipsen"  states  that  in  dog-s  it  can  be 
found  in  the  urine  five  minutes  after  subcutaneous  injection,  and 
in  rabbits  even  after  two  minutes. 

Dragendorff '  has  shown  that  all  the  strychnine  leaves  the  body 
unchanged,  and  Kratter*  could,  even  with  such  a  small  medicinal 
dose  as  2  mg.,  recover  the  entire  quantity  from  the  urine. 

It  seems,  therefore,  quite  well  established  that  the  body  of  an 
ordinary  animal,  if  it  survives  the  administration,  does  not  retain 
any  strychnine,  and  nearly  the  entire  elimination  takes  place  through 
the  kidney. 

If  the  subcutaneous  administration  be  accomplished  very  slowly, 
even  more  than  a  fatal  dose  may  be  injected  %vithout  causing  any 
characteristic  effect,  which  is  explained  on  the  assumption  that  in 
this  case  enough  strychnine  is  eliminated  by  the  kidney  to  prevent 
file  accumulation  in  the  blood  of  an  effective  dose.'  The  reverse 
of  this  principle,  i.  e.,  that  the  restriction  of  elimination  by  the  kidney 
will  increase  the  effect  of  sti-ychnine,  has  not  yet,  so  far  as  we  know, 
been  seriously  tested  by  experiment,  but  is  ap])nrently  taken  as  self- 
evident.  This  at  least  is  implied  in  an  experimental  argument  by 
Carrara  on  the  question  nf  the  ability  of  the  animal  tissues  to  render 
inert  (entgiften)  stryclinine. 

■•E.  Ilarnack,  Miinch.  med.    n'orhensc/n:,  1800,  p.   lOe."). 

■■  M.   .\(lani,  in  T.   and  A.   Husemann's  Tlandbiicb  der  Toxicol<ii;ie,  p.  510.   Berlin, 
1862-7. 
'Ipsen,   Vierleljiihrnchr.  f.  f/eriilitl.  Med.,  IS'.ia,  iv. 

'  Dragendorff,  lieitrline  znr  fierichtlichen  Chemie,  iii,  St.  P«teisburft,  1873. 
"  Kratter,   Wien.  metl.    Wurlieiisf/iy.,  1SS2,  pji.  214  ft  seij. 
"liarnack,  loc.  cit. 
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von  Czvlilarz  and  Donatli,"'  wlio  liave  made  an  investigation  of 
the  last  mentioned  qnestion,  believe  that  they  have  j^roven  it  in 
the  affirmative  by  the  following  experiments: 

The  leg  of  a  guinea-pig  was  tightly  ligated  and  a  fatal  dose  of 
strychnine  was  injected  into  the  leg  peripheral  to  the  ligature. 
When  the  ligature  was  removed  after  a  few  hours,  the  animal  sur- 
vived without  showing  any  effects  of  strychnine.  The  aiithors  ex- 
plained the  result  by  the  assumption  that  the  tissues  of  the  leg  had 
fixed  the  poison. 

In  a  series  of  experiments,  Meltzer  and  Laugmann  "  have  shown 
that  the  results  are  positive  only  when  minimum  doses  are  used, 
and  that  in  their  opinion  the  most  probable  explanation  of  the  fact  is 
that  this  prolonged  application  of  a  tight  ligature  affects  the  absorb- 
ing capacity  of  the  tissue  of  the  leg  to  such  a  degree  as  to  permit, 
after  the  removal  of  the  constriction,  of  only  very  little  absorption 
of  strychnine  at  a  time.  This  process  is  similar  to  that  belonging 
to  very  slow  injections,  the  continual  elimination  through  tbe  kid- 
neys preventing  the  accumulation  of  strychnine  in  the  blood  to  an 
effective  dose.  Against  this  interpretation,  Carrara"  brought  for- 
ward an  apparently  very  striking  experiment.  He  repeated  snc- 
cessfuljy  the  experiment  of  Czylilarz  and  Donath  on  guinea-pigs, 
the  kidneys  of  which  were  removed,  and  he  argues  that,  if  the 
absence  of  the  effects  of  strychnine  in  the  ligatured  animals  be 
due  to  slow  absorption,  the  effect  ought  to  ap])ear  in  the  neph- 
I'ectomized  animals  in  whom  the  strychnine  cannot  be  eliminated, 
and  consequently  must  accumulate  in  the  blood  to  an  effective  dose. 
Here  it  is  presupposed  as  a  matter  that  is  self-evident,  that  in  a 
nephrectomized  animal  subminimum  doses  will  soon  aggregate 
within  the  blood  to  an  effective  dose,  simply  because  an  eliminating 
organ  is  removed. 

It  seemed  to  us,  hnwever,  that  this  supiio^-irion,  thdUgii  very 
plausible  and  generally  acknowledged,  should  not  be  accepted  witli- 

'"V.  Czylilarz  :ind  Donath,  Cc, trail,,  f.  inu.  Meil..  I'.IOO,  p.   :W1. 

"  Meltzer  and  Lansmann.  Ibid.,  1000,  p.  OO-J,  and  Mcdind  Xcii-s,  lilOO,  Ixxvii,  p.  08.5. 

'•Carrara,  Centrulh.  f.  iunere  Me<l.,  llKll,  No.  '.'O. 
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out  a  direct  test.  Could  it  not  be  the  case  that  after  the  reuioval 
of  the  kidnevs  other  organs  assume  the  task  of  elimination?  This 
hypothesis  is*  not  new.  Urea,  for  instance,  is  under  normal  con- 
ditions eliminated  through  the  kidneys.  We  know,  nevertheless, 
that  in  advanced  destructive  renal  diseases  urea  is  excreted  through  all 
kinds  of  organs,  even  through  the  lungs  and  the  skin.  Thus  we 
have  been  led  to  make  a  series  of  experiments  with  the  view  of  testing 
the  validity  of  the  principle  in  question,  at  least  so  far  as  strychnine 
is  concerned.  In  other  words,  we  have  tried  to  ascertain  whether 
repeated  injections  of  subminimum  doses,  separated  by  shorter  or 
longer  intervals,  become  effective  as  soon  as  the  sum  total  reaches 
an  effective  minimum. 

Experiments  were  made  on  rabbits,  which  are  very  sensitive  to 
strychnine.  The  subctitaneous  method  was  employed  exclusively. 
"With  regard  to  the  effective  doses,  distinction  is  to  be  made  between 
a  fatal  dose  (dosis  lethalis)  and  a  dose  which  is  only  poisonous  (dosis 
toxica) — tetanic  attack  with  recovery.  In  nearly  all  of  the  experi- 
ments nitrate  of  strychnine  was  employed  in  a  solution  of  1  to  1000. 
We  have  made  a  few  control  experiments  on  normal  rabbits.  From 
these  experiments,  as  well  as  from  the  very  many  data  in  the  litera- 
ture on  this  subject,  it  can  be  stated  that  0.45  to  0.5  mg.  are  toxic 
doses,  while  0.55  to  0.6  mg.  are  fatal  doses  of  strychnine  nitrate  per 
kilo  of  rabbit  in  a  single  injection.  Once  in  a  while  an  exception  is 
met  with,  when  even  such  a  single  dose  as  0.3  mg.  per  kilo  produces 
a  tetanus.  But  it  hardly  ever  happens  that  0.6  mg.  per  kilo  fails 
to  cause  a  fatal  tetanus.  The  time  between  the  injection  and  the 
outbreak  of  convulsions  varies  inversely  as  the  dose;  i.  e.,  the  larger 
the  dose  the  shorter  the  interval;  fifteen  minutes  is  the  average 
time  for  minimum  doses,  but  it  may  vary  from  4  to  40  minutes.  In 
normal  rabbits  we  have  rarely  seen  a  tetanus  appear  later  than  30 
minutes,  and  never  after  40  minutes.  In  our  experiments  we  relied 
on  convulsions  as  the  characteristic  reaction;  hypersesthesia  alone, 
especially  in  rabbits,  is  not  characteristic  enough  to  serve  as  a  basis 
for  comparison. 

Knowing  tliat  in   ral)bits  .'^tryclinine  ajjpcars  iu  the  urine  even  a 
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few  minutes  after  hypodermic  injections  (2  minutes,  Ipsen),  and 
knowing  further  that  it  takes  from  10  ro  15  minutes  before  a  reac- 
tion sets  in  after  a  minimum  dose,  we  may  safely  state  that  the 
quantity  of  the  minimum  dose  of  strychnine  required  to  be  present 
within  the  blood  to  call  forth  a  reaction  is  equal  to  the  amoimt 
absorbed  minus  the  amount  eliminated  in  the  interval  between  injec- 
tion and  reaction.  "When  we  now  remove  the  kidneys — the  main 
path  of  elimination — we  might  expect  that  the  minimum  dose  for 
the  blood  will  be  attained  by  the  absorption  of  an  amount  which  is 
perceptibly  less  than  the  normal  amoimt  of  absorption;  in  other 
words,  in  nephrectomized  animals  we  might  expect  to  bring  out  a 
reaction  with  a  smaller  dose  than  is  required  in  normal  rabbits. 

Our  experiments  did  not  confirm  these  expectations.  The  follow- 
ing is  a  table  of  some  of  the  experiments  with  single  injections  in 
nephrectomized  rabbits: 


No.  of  exp. 

Hours  after 
nephrectomy. 

Dose  per  kilo 
injected. 

Results. 

1 

26 

0.45  mg. 

Slight  short  conTulsion  after  64  min 
utes;  recovered. 

2 

1 

0 . 5    mg. 

Tetanus  after  7  minutes:  recovered. 

3 

3 

0 . 5    mg. 

No  reaction. 

4 

23 

0 . 5    mg. 

Tetanus  after  15  minutes;  recovered. 

5 

24 

0.55  mg. 

Fatal  tetanus  after  15  minutes. 

Comparing  these  results  with  the  data  above  given  for  normal 
animals,  we  see  that  the  required  minimum  doses  in  nephrectomized 
animals  are  not  smaller  than  those  for  normal  ones;  on  the  contrary, 
there  is  a  suggestion  rather  that  the  nephrectomized  animals  require 
a  somewhat  higher  dose.  However,  the  difference  is  too  small  and 
not  constant  enough  to  merit  a  further  discussion.  But  it  remains 
a  noteworthy  fact,  that  the  removal  of  the  kidney  does  not  decrease 
the  required  amount  of  the  minimum  dose. 

The  most  striking  result,  however,  we  obtained  in  experiments  in 
which  we  employed  subminimum  doses  repeated  at  shorter  or  longer 
intervals.  Assuming  that  any  dose  of  strychnine  which  cannot  be 
eliminated  by  the  kidneys  remains  in  an  effective  state  within  the 
blood,  which  is  the  prevailing  view,  we  might  expect,  no  matter  how 
small  the  doses  and  how  long  the  intervals  between  the  injections, 
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that,  as  soon  as  the  sum  total  should  reach  the  uiinininm  of  0.4:5  or 
0.5  mg.  per  kilo,  there  ought  to  occur  inunediatelv  a  tetanic  out- 
break, and  that  as  there  is  no  elimination,  the  tetanus  ought  to  repeat 
itself  indefinitely.  Furthermore,  it  might  appear  that  when  the  sum 
total  reached  the  dose  of  0.6  mg.  per  kilo,  the  first  tetanic  outbreak 
ought  to  terminate  fatally.  The  results  of  our  experiments,  however, 
were  entirely  at  variance  with  these  expectations.  On  account  of  the 
imijortance  of  the  results,  we  shall  illustrate  them  by  a  number  of 
protocols. 

Eap.  6.  Weight  of  rabbit.  l-")50  grm..  double  nephrectomy.  Aug.  14, 
1901,  13  M. 

Aug.  14,    4.43  P.M.,  0.3  mg.  strychnine  per  kilo. 
"       15,  13.45  P.  M.,  0.3  mg. 
"       15,     4       P.  M.,  0.3  mg. 
"       16,     1.30  P.  M.,  0.2  mg. 
"       16,     5        P.  M.,  0.3  mg. 

Rabbit  died  Aug.  17,  at  10  A.M.,  IT  hours  after  the  last  injection, 
without  having  had  convulsions.  This  rabbit  then  had  received  within 
48  hours  1.3  mg.  per  kilo — that  is,  more  than  twice  the  fatal  dose — 
without  exhibiting  any  effects  of  strychnine  poisoning. 

JExp.  7.  Rabbit,  1520  grm.,  double  nephrectomy,  Aug.  14,  12.30 
P.M. 

Aug.  14,     4.45  P.  M.,  0.3  mg.  stryclinine  per  kilo. 
"      15,  12.45  P.  M.,  0.3  mg. 
"      15,    4       P.M.,  0.3  mg. 
"      16,     1.45  P.M.,  0.2  mg.  "  " 

"      16,    4       P.M.,  0.3  mg. 
"      17,    9.30  A.  M.,  0.3  mg. 

Tlie  animal  was  alive  the  same  afternoon;  was  found  dead  the  next 
morning.     This  ral)bit  received  1.5  mg.  per  kilo  without  any  reaction. 
E.rp.  S.     Weight  of  rabbit,  1900  grm. 

Aug.  12,  1       P.M.,  double  nephrectomy. 

"  12,  4.20  P.  M.,  0.3  mg.  per  kilo. 

"  13,  1        P.  M.,  0.3  mg. 

"  13,  5       P.  M.,  0.3  mg. 

"  13,  8       P.  M.,  0.3  mg. 

"  14,  12.30  A.  I^L,  0.2  mg. 

"  14,  8       A.  M.,  0.2  mg. 


1, 

'      3  to    4  P.  M., 

1, 

'      5  to     6  P.  M., 

1, 

'      7  to     8  P.  M., 

1, 

'      9  to  10  P.  M.,, 

2, 

'     7  to    8  A.  M., 
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The  rabbit  died  Aug.  15,  at  10  A.  M.,  or  26  hours  after  receiving  the 
last  dose  of  strychniue.  This  animal,  too,  had  1.5  mg.  strychnine  per 
kilo  in  the  blood  without  showing  any  reaction. 

Exp.  9.     Weight  of  rabbit  1250  grm. 
July  31,  3  P.  M.,  double  nephrectomy. 

Aug.  1,  from  1  to    2  P.  M.,  injected  slowly,  0.43  mg.  per  kilo. 

0.2    mg. 
0.2    mg. 
0.3    mg.        " 
0.25  mg. 
0.32  mg.        " 

The  rabbit  died  Aug.  3,  at  8.30  A.  M.,  or  24  hours  after  the  last  dose 
of  strychnine  had  been  injected,  without  any  reaction.  He  received 
altogether  1.6  mg.  per  kilo  of  strychnine. 

Exp.  10.     Aug.  20,  double  nephrectomy,  4  P.  M. 

At  5.45  P.  M.  started  giving  hourly  injections  of  0.2  mg.  per  kilo 
until  11.50  P.  M.,  altogether  seven  injections,  1.4  mg.  per  kilo,  without 
any  reaction. 

Aug.  21  at  9.40  P.M.  again  hourly  injections  of  0.2  mg.  per  kilo,  20 
minutes  after  the  3rd  (10th)  injection,  convulsions  occurred:  the  ani- 
mal recovered  soon,  but  died  on  the  next  day  without  having  had  con- 
vulsions again.  This  animal  without  kidneys  received  1.4  mg.  per  kilo 
within  seven  hours  withotit  any  reaction,  and  with  more  than  2  mg. 
within  its  body  recovered  easily  and  lived  24  hours  longer  without  any 
strychnine  sj'mptoms. 

Exp.  11.  Eabbit,  1150  grm.  Double  nephrectomy  finished  at  11.30 
P.  M.,  Sept.  15,  1901.  From  3  P.  M.  on  hourly  injections  of  0.2  mg. 
per  kilo,  given  five  times;  the  last  one  at  9  P.  M.  The  animal  was  ob- 
served for  2  hours  longer;  no  reaction. 

Sept.  16,  3  P.M.,  injected  0.3  mg.  per  kilo;  no  effect.  8.55  P.M., 
injected  0.4  mg.  per  kilo;  50  minutes  later  the  animal  had  a  few  con- 
vulsions, recovered  entirely  after  20  minutes. 

Sept.  18  at  7  A.  M.  injected  0.3  mg.  per  kilo  without  effect.  At  2 
P.  M.  again  0.3  mg.  per  kilo ;  no  effect.  Eabbit  died  on  the  morning  of 
Sept.  19,  without  having  had  convulsions  again. 

Exp.  12.  Eabbit,  weight  2175  grm.  Double  nephrectomy,  Sept.  14, 
4  P.M.  From  7  P.M.  an  injection  hourlj"-,  0.2  mg.  per  kilo;  10  min- 
tites  after  the  fourth  injection  a  slight  convulsion  occurred;  the  animal 
recovered  entirely  in  less  than  2  minutes.  Again  injected  at  1,  3,  5  and 
8  r.  :^r.,  0.2  mg.  per  kilo  without  any  response.     Sept.  16  at  3  P.  M. 
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injected  0.3  mg.  per  kilo  with  no  eilect.  At  9  P.  M.  injected  again  0.4 
mg.  per  kilo;  35  minutes  later  tetanic  manifestations  occurred  and  the 
animal  succumbed  very  soon. 

TVe  shall  not,  of  coui-se,  report  in  detail  all  our  numerous  experi- 
ments. The  few  protocols  which  we  have  quoted  are  sutficient 
to  indicate  the  correctness  of  the  main  fact  which  we  wish  to  briag 
out  here,  namely,  that  rabbits  without  their  main  eliminating  organs, 
the  kidneys,  can  nevertheless  tolerate  the  sum  total  of  twice  and 
thrice  the  fatal  dose  of  strychnine  without  showing  any  reaction,  if 
only  care  is  taken  to  employ  proper  subminimum  doses  at  not  too 
short  intervals.  From  a  review  of  all  our  experiments  we  gather  the 
following  details:  If  the  doses  do  not  exceed  0.3  mg.  per  kilo  at 
intervals  of  not  less  than  four  hours,  injections  can  be  made  appar- 
ently indefinitely  witiout  causing  any  reaction.  The  same  applies 
apparently  also  to  doses  of  0.2  mg.  per  kilo  at  intervals  of  about 
three  hours;  with  larger  doses  or  shorter  intervals,  the  injections 
sooner  or  later  induce  a  tetanus.  How  large  a  dose  the  sum  total 
can  attain  before  it  becomes  effective,  varies  with  different  animals. 
For  instance,  with  a  subminimum  dose  of  0.2  mg.  per  kilo  in  hourly 
injections,  in  some  animals  eight  consecutive  injections — with  a  sum 
total  of  1.6  mg.  per  kilo — could  be  administered  before  a  tetanus 
occurred  or  even  marked  hypersesthesia  was  noticed.  In  other 
animals  an  effect  appeared  some  time  after  the  fourth  injection,  with 
a  sum  total  of  0.8  mg.  per  kilo.  However,  in  all  cases  the  total  ex- 
ceeded the  fatal  minimum  dose  for  the  normal  animal,  and  what  is 
more,  very  rarely  did  any  of  these  sum-total  doses  cause  a  fatal 
tetanus.  If  the  injections  were  discontinued  the  animal  recovered 
and  survived  the  last  injection  for  twenty-four  hours  or  more  without 
having  another  convulsion. 

Leaving  the  statement  and  discussion  of  other  details  which  we 
have  observed  in  our  present  line  of  experimentation  for  some  future 
occasion,  our  experiments  brought  out  the  following  points: 

1.  For  a  rabbit  without  its  chief  eliminating  organs,  the  kidneys, 
the  minimum  toxic  and  fatal  doses  of  strychnine  are,  nevertheless, 
not  smaller  than  those  for  the  normal  animals. 
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2.  Even  in  a  rabbit  without  its  kidneys  a  single  cumulative  toxic 
dose  of  stiycbnine  induces  only  one  attack,  or  a  few,  and  the  animal 
soon  recovers  and  shows  no  further  effects  of  strychnine.  Here  a 
toxic  dose  remains  apparently  within  the  body  without  causing  a  con- 
tinual effect. 

0  3.  If  proper  subminimum  doses  at  proper  intervals  are  employed 
nephrectomized  rabbits  can  gradually  receive  thrice  the  fatal  dose  of 
strychnine  without  showing  any  reaction.  Large  fatal  doses  of 
strychnine  are  apparently  accumulated  within  the  body  without  caus- 
ing any  effect. 

How  are  these  remarkable  facts  to  be  interpreted?  What  becomes 
of  the  single  toxic  dose  and  of  the  cumulative  fatal  doses  of  strych- 
nine within  the  body?  Several  explanations  are  possible.  Thus  it 
may  be  said  that: 

1.  After  the  removal  of  the  kidneys  the  act  of  elimination  is  car- 
ried on  by  other  organs,  for  instance,  by  the  gastro-intestinal  canal. 
We  know  that  secreting  organs  can  substitute  one  another.  We  may 
then  assume  substitution  also  among  excreting  organs.  An  instance 
of  this  was  mentioned  above  in  the  elimination  of  urea.  It  may  l)e 
that  even  normally  many  organs  are  endowed  with  excretory  mechan- 
isms which  have  no  opportunity  to  come  into  play  so  long  as  the 
great  outlet  through  the  kidneys,  the  excretory  organs  par  excellence, 
is  unimpaired.  Collateral  circulation  after  obstruction  of  the  main 
artery  transforms  into  large  vessels  fine  capillaries  which  were  pre- 
viously hardly  noticeable. 

2.  It  is  possible  that  strychnine  is  destroyed  within  the  circulation 
by  the  blood,  liver,  etc.  Before  it  was  firmly  established  that  strych- 
nine is  eliminated  by  the  kidney,  there  were  many  theories  as  to  the 
decomposition  of  strychnine  within  the  blood.  Lately  the  assertion 
was  made  anew  by  von  Czyhlarz  and  Donath  "  and  others,  that  blood 
cells,  liver  cells,  and  other  tissues  are  capable  of  neutralizing  strych- 
nine. For  the  normal  human  body  it  has  been  established  beyond 
doubt  that  none  of  the  strychnine  becomes  decomposed  by  the  tissues. 
However,  it  may  be  different  in  a  nephrectomized  animal.     Falk  " 

"von  Czyhlarz  and  Donath,  Zlschr.  f.  JTeilkuncle,  1901. 
'*Falk,  Centralbl.f.  med.  Wiss.,  1899,  p.  481. 
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has  shown  that  in  chickens,  which  are  very  resistant  to  strychnine,  90 
per  cent  of  the  poison  is  decomposed  by  the  tissues,  and  he  suggests 
that  this  may  be  connected  with  tlie  fact  that  there  is  very  little  liquid 
urinary  secretion  in  these  animals.  This  siiggestion  would  hold  good 
also  for  a  nephrectoniized  animal. 

3.  It  is  further  possible  that  within  the  blood  of  ncphrectomize^ 
animals  substances  develop  which  do  not  decompose  strychnine,  but 
neutralize  its  effect  upon  the  nervous  system.  Urtemic  coma  might 
be  mentioned  in  this  connection,  indicating  that  there  are  indeed  in 
the  blood  of  animals  with  impaired  kidn(n-s  suTistances  which  affect 
the  functions  of  some  nerve  cells. 

4.  It  is  also  possible  that  in  nephrectomized  animals  absorption 
from  the  subcutaneous  tissues  is  impaired  on  account  of  the  increased 
blood  pressure.  This,  however,  would  not  explain  why  a  toxic  dose, 
already  within  the  blood,  does  not  continue  to  bo  effective.  Besides, 
we  found  that  a  single  minimum  dose  for  a  normal  animal  is  also 
effective  for  the  nephi-ectomizcd  animal,  which  shows  that  absorption 
cannot  be  impaired,  so  that  non-absorption  cannot  be  the  chief  reason 
for  the  failure  of  the  large  doses  of  strychuiup  in  cumulative  admin- 
istrations to  cause  some  reaction. 

All  these  hypotheses  are  open  to  cxjjcrimcntal  study  which  will 
be  carried  out  at  some  future  time. 

We  started  out  to  test  the  generally  acknowledged  assumption. 
implied  in  the  argument  of  Carrara,  that  when  the  kidneys,  the  chief 
eliminating  organs  for  strychnine,  are  removed,  subminimum  doses 
will  be  effective  as  soon  as  the  sum  total  reaches  the  effective  toxic 
or  fatal  dose.  "We  have  showm  that  this  assumption  is  incorrect,  and 
that  even  thrice  the  fatal  dose  can  be  gradually  introduced  ^vithout 
producing  any  effect. 

The  experiments  teach  us  also  a  general  lesson  in  experimental 
science.  Because  we  know  that  a  certain  organ  has  a  certain  func- 
tion, it  is  commonly  assumed  that  we  abolish  the  function  by  remov- 
ing the  organ.  "\Ve  have  sean  that  this  is  not  true.  Elimination  is 
the  preventive  of  cumulation.  After  removal  of  the  eliminating 
organ,  it  might  have  been  expected  that  the  cumulative  effect  would 


S.   J.  Meltzer  and  W.   Salant  117 

remain  unrestricted.  We  have  found  that  cumulation  wa.--  neverthe- 
less manifested  to  only  a  slight  extent.  Then  again,  if  an  organ  is 
removed  and  a  function  persists,  it  has  been  assumed  that  normally 
the  function  does  not  belong  to  this  organ.  In  nephrectomized  ani- 
mals, cumulation  is  very  little  manifested;  nevertheless,  we  know  it 
is  the  eliminating  kidney  which  controls  cumulation  in  normal  ani- 
mals. This  last  remark  applies  to  a  statement  made  by  Leube  in 
connection  with  our  subject.  Leube''  in  attempting  to  establish 
(34  years  ago)  the  path  by  which  strychnine  is  eliminated,  thought  of 
the  kidney,  and  tied  the  ureters  or  the  blood  vessels,  in  the  expecta- 
tion that  a  small  dose,  which  causes  a  mild  effect  in  a  normal  animal, 
would  have  violent  results  in  the  operated  one.  Leube  was  disap- 
pointed in  his  results.  Not  only  was  the  effect  not  stronger,  but  in 
one  animal  a  certain  dose,  which  two  days  previous  to  the  operation 
cau,-eil  a  mild  effect,  after  the  operation  had  no  effect  at  all.  Leube 
explained  this  case  as  an  instance  of  adaptation,  and  gave  up  the 
kidneys  as  the  eliminating  organs.  We  know  that  there  is  no  adap- 
tation of  the  body  to  strychnine  (Hare '"  and  others).  AVe  also  know 
now  that  the  kidney  is  the  eliminating  organ  for  strychnine  in  normal 
animals,  and  Leube's  error  in  his  conclusion  is  just  the  one  to  which 
we  referred  above.  What  Leube  found  is  the  same  that  we  have  seen 
in  onr  experiments,  namely,  that  the  minimum  dose  for  nephrecto- 
mized animals  is  the  same  as  fur  normal  ones,  if  mit  even  a  trifle 
higher. 

Our  residts  have  also  direct  practical  bearings.  It  has  been  argued 
by  physiologists  and  pharmacologists  (L.  Hermann  for  instance)  and 
has  been  repeatedly  maintained  by  clinicians,  that  in  chronic  diseases 
of  the  kidneys,  when  the  eliminating  power  of  this  organ  is  consid- 
erably reduced,  great  care  should  be  exercised  in  the  administration 
of  ]K)isonous  medicines,  lest  they  may  accumulate  in  the  blood  witli 
fatal  effects.  According  to  our  experiments  ^^dth  strychnine  on  ani- 
mals entirely  without  kidneys,  fatal  doses  may  be  gradually  intro- 
duced without  eifect,  and  there  is  a  great  difference  between  even  a 

i»  Leube.  Arch.  f.  Anal.,  P/ii/.iiol.  u.  wi.ise>i.icri.  Med.,  1S67,  p.   629. 
'«  Hare,  Amer.  .Tour,  of  riii/.iwloi/i/,  llHll,  v,  p.  333. 
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maximum  mediciual  dose  and  a  minimum  toxic  dose.  The  animal 
body  apparently  possesses  a  mechanism  capable  of  regulating  the 
cumulative  capacities  of  the  blood  even  in  the  absence  of  the  kidneys. 
The  influence  of  removal  of  the  kidneys  on  the  cumulative  effect  of 
other  poisonous  substances  has  not  yet  been  studied.  Thus  the  fear 
of  cvmiulative  effect  in  renal  disease  rests  at  present  apparently  on 
theoretical  grounds  alone. 
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INTRODUCTION. 

As  with  many  other  infectious  diseases,  the  pathological  anatomy 
of  malarial  fever  had  been  thoroughly  studied  long  before  the  dis- 
covery of  the  parasitic  cause  of  the  disease.  Of  the  early  studies  it 
may  be  said,  from  the  standpoint  of  our  present  knowledge,  that 
they  had  nearly  exhausted  the  subject  of  the  more  evident  patho- 
logical changes  in  the  viscera,  and  were  essential,  indeed,  to  the 
final  discovery  of  the  parasite,  but  that  in  the  absence  of  a  knowledge 
of  Plasmodium  malarice  their  numerous  misconceptions  greatly  de- 
tract from  their  value   for  present  purposes.     Of   current  writers, 
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Laverau  is  probably  most  familiar  with  the  vahic  of  these  studies, 
and  in  the  last  edition  of  his  work  properly  honors  them  with  abun- 
dant reference.  Since  the  discovery  of  the  parasite  the  entire  field 
has  been  extensively  re^'iewed,  principally  in  Italy  and  France,  and 
to  some  extent  in  America,  Germany  and  England. 

Nevertheless  the  records  of  close  microscopic  study  of  the  lesions 
of  ordinary  malarial  infection  are  by  no  means  excessively  numerous; 
much  yet  remains  to  be  learned,  possibly  from  a  microscopic  study 
of  the  visceral  lesions,  concerning  the  parasitology  of  the  disease, 
while  its  numerous  irregular  forms  still  offer  one  of  the  most  inviting 
fields  for  pathological  research.  An  increased  value  still  attaches  to 
such  records  from  the  fact  that  malaria  is  seldom  fatal  in  localities 
where  a  full  clinical  history  can  be  supplemented  by  a  complete 
microscopic  examination  of  the  viscera. 

Considerations  of  this  nature  seem  to  justify  the  detailed  char- 
acter of  the  present  couti"ibutiou.  which  consists  of  the  available 
clinical  histories  and  the  records  of  the  gross  and  microscopic  changes 
in  the  viscera  of  several  cases  of  malaria,  together  with  a  discussion 
of  any  important  features  that  the  cases  may  present  and  their  bear- 
ing on  previous  studies. 

Most  of  the  material  was  collected  at  Camp  Wikotf,  ^loutauk 
Point,  Long  Island,  and  the  remainder  was  secured  at  Roosevelt 
Hospital  or  elsewhere  in  Xew  York  City.  For  the  clinical  records 
and  notes  of  some  autopsies  of  the  ^fontauk  cases,  I  am  greatly  in- 
debted to  Dr.  Delafield  of  Xew  York,  and  to  Drs.  Cotton,  Allen,  and 
ilosher  of  Boston.  Case  I,  at  Roosevelt  Hospital,  was  under  tlie 
care  of  Dr.  W.  H.  Thomson,  who  kindly  phiced  tJie  cliuical  records 
at  my  disposal.  Dr.  Eugene  Ilodenjiyl  and  Dr.  John  H.  Larkin 
have  eacli  kindly  contributed  nuitcrial  and  autopsy  notes  of  one  case. 

PART  I. 

REPORTS  OF   CASES. 
Case   I. — .■Entito-Autiinvu'l    Malarin.      Sub-Acute    Course.      Blood   Contniuiiig 
only  Crescents  for  tiro  icecfcs  before  death.    I'roloiKjed  Coma.    Absence  of  Purii- 
sitfs  in  the  Brain.    Peculiar  Ftepositx  of  Pigment  in  Renal  Epithrlium. 

F.  H.,  64  years.  No  imi>ortinit  previous  illness.  Spent  some  time  in  Long 
Ishind  City.  .N".  Y.,  shortly  before  illness,  whieh  developed  in  Xew  York  City. 
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September  25,  had  a  chill  followed  by  fever  ar.d  sweat.  Chills  recurred 
every  other  day  till  October  2-3,  when  they  became  irregular  and  less 
marked.  Admitted  to  Roosevelt  Hospital,  service  of  Dr.  W.  H.  Thomson, 
Oct.  6,  1896.  Diagnosis,  malaria.  Treatment,  quinine  and  ginger,  aa.  grs. 
XXV-XL   dailj-.     Arsenic   later.    Fowler's   solution,    gt.    XV.    daily. 

The  patient  seemed  to  improve  slightly,  the  temperature  falling  gradu- 
ally, reaching  99°  F.  on  Oct.  10,  and  remaining  at  about  that  point  until 
Oct.  20.  There  was  from  the  first  marked  insomnia  and  tendency  toward 
mild  delirium  at  night,  partly  controlled  by  sedatives,  until  Oct.  11,  when 
the  delirium  increased,  and  periods  of  mild  coma  sujjervejied.  About  Oct. 
16,  the  coma  deepened  and  became  continuous  till  death.  There  were  no 
evidences  of  ursemia,  and  the  coma  was  clearly  of  the  malarial  type.  There 
was  one  slight  paroxysm  of  fever  on  Oct.  20-21  (101.4°),  and  on  the  23rd 
the  temperature  began  to  rise  steadily,  reaching  108°  on  the  25th,  just 
before  death. 

The  wine  was  passed  in  considerable  quantity,  of  acid  reaction,  1020  sp. 
g.,  and  in  the  last  two  weeks  of  the  disease  contained  a  trace  of  albumin 
and  a  few  hyaline  and  granular  casts.  No  mention  was  made  of  pigment 
in  the  urine. 

I  had  no  opportunity  to  examine  the  bluod  until  Oct.  12.  when  it  was 
found  to  contain  an  enormous  number  of  spheroidal,  ovoidal,  and  young 
crescentic  bodies,  as  many  as  ten  appearing  in  one  field  of  the  immersion 
lens.  Prolonged  and  repeated  search  (4-5  hours)  failed  to  show  any  rings. 
There  were  the  changes  of  secondary  anfemia  with  marked  loss  of  Hb. 
and  moderate  variation  in  the  size  of  the  red  cells.  The  leucocytes  were 
slightlj-  reduced  in  numbers,  ilononuclears  35%;  polynuclears  60%; 
eosins  5%.  A  few  richly  pigmented  mononuclear  cells  were  seen.  Oct.  13. 
The  parasites  were  as  numerous  as  before  but  there  were  now  some 
elongated  and  apparently  full  grown  crescents,  while  the  spheroidal  bodies 
were  less  numerous.  Xo  rings  seen.  Oct.  15.  The  adult  crescents  now 
outnumbered  the  smaller  forms,  which  were  however  still  rather  abundant. 
Xo  rings  could  be  found.  The  anaemia  appeared  rather  more  pronounced. 
There  was  no  leucocytosis,  but  the  eosins  were  still  increased.  Oct.  21. 
The  numbers  of  parasites  were  still  large  and  the  forms  were  about  equally 
divided  among  elliptical  bodies  and  adult  crescents.  Oct.  25.  Eight  hours 
before  death  the  blood  was  found  to  contain  very  few  parasites.  In  the 
course  of  this  search  S-10  young  crescents  and  spheroidal  bodies  were 
encountered,  but  no  rings.  There  was  a  moderate  polynuclear  leuco- 
cj'tosis. 

Autopsy. — 12  hours  after  death.  The  anaemia  appeared  slight.  Xo 
cedema.  Xo  jaundice.  lAings,  moderately  congested  and  oedematous. 
Spleen,  slightly  enlarged,  very  soft,  of  characteristic  slate  color.  Liver, 
slightly  enlarged,  of  characteristic  slate  color.  Stomach  and  intestine, 
negative.  Serous  membranes,  slightly  discolored  in  places.  Kidneys,  size 
about  normal;  capsules  adherent  in  places,  elsewhere  surface  is  smooth; 
cortex  slightly  irregular;  markings  distorted  in  places.  The  cortex  is 
light  red  in  color,  the  medulla  and  papillae  very  dark  red.  or  rusty.  The 
marrme  of  ribs  and  vertebras  is  hypera^mic,  and  of  slight  chocolate  tinge. 
Brain,  moderately  oedematous;  not  discolored;  shows  no  petechiae;  the 
basal  vessels  appear  normal. 
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Microscopic  Eo'amination. — Liver. — There  is  a  very  extensive  deposit  of 
pigment,  in  the  form  of  discrete  and  conglomerate  grains  and  masses,  in 
the  endothelial  cells,  macrophages,  and  occasionally  in  the  liver  cells. 
Much  of  this  pigment  is  verj-  compact  and  dark,  and  is  evidently  of  rather 
old  formation.  The  numbers  of  pigmented  spheroidal  or  ovoid  bodies  are 
considerable,  and  many  of  these  lie  free  in  the  capillaries,  but  all  stages 
of  the  ingestion  and  destruction  of  parasites  by  phagocytic  cells  can  be 
followed.  Some  peculiar  bodies,  possibly  derived  from  malarial  organisms, 
are  to  be  seen.  One  of  those  rather  frequentlj-  seen  is  spheroidal,  a  little 
larger  than  a  red  cell,  with  a  thick  shiny  hyaline  outer  border,  and  show- 
ing a  central  mass  of  yellowish  pigment  granules.  In  some  of  the  larger 
vessels  there  are  several  spheroidal  bodies  twice  as  large  as  a  red  cell, 
hyaline  and  faintly  bluish  stained  throughout,  and  exhibiting  a  moderate 
number  of  central  pigment  granules.  A  good  many  small  pigmented 
parasites  were  seen. 

Spleen. — The  deposit  of  pigment  is  extreme.  Much  of  this  is  old  pigment 
in  compact  masses  within  phagocytes,  but  there  is  a  considerable  number 
of  free  pigmented  parasites,  and  all  stages  of  their  ingestion  and  destruc- 
tion can  be  seen.  Neither  rings  nor  rosettes  are  seen.  There  is  the 
usual  cellular  hyperplasia  of  the  pulp  cords. 

Marroic. — The  marrow  of  the  ribs  and  vertebras  contains  a  moderately 
rich  deposit  of  pigment  which  is  usually  limited  to  the  phagocytes.  Very 
little  pigment  is  seen  in  the  vessels,  and  very  few  parasites  were  identified 
either  in  smears  or  sections.  The  eosinophile  cells  and  giant  cells  are 
increased.  The  nucleated  red  cells  are  abundant  and  some  are  slightly 
increased  in  size. 

Kidneil. — There  is  a  moderate  chronic  diffuse  nephritis  with  growth  of 
new  connective  tissue  in  small  wedge-shaped  masses  in  the  cortex.  The 
glomeruli  are  apparently  normal.  The  tubules  show  swelling  of  the  lining 
cells,  and  in  a  few  places  the  cells  of  the  convoluted  tubules  are  necrotic. 
They  all  contain  much  granular  yellowish  pigment  giving  the  reaction  of 
ha?mosiderin.  Ver3-  few  parasites  could  be  identified.  The  deposit  of  pig- 
ment, however,  is  very  abundant  and  of  i)eculiar  distribution.  The  glo- 
meruli contain  more  than  the  usual  number  of  pigmented  cells  of  the 
usual  character.  The  larger  vessels  of  the  cortex  are  sometimes  injected 
with  blood  in  which  are  considerable  deposits  of  brown  granular  or  crys- 
talline pigment.  In  the  neighborhood  of  these  vessels  there  are  often 
many  clumps  of  similar  pigment  and  these  are  sometimes  found  in  the 
lining  cells  of  the  convoluted  tubules  which  are  elsewhere  entirely  free 
from  brown  pigment.  The  limitation  of  this  pigment  in  the  cortex  to 
the  vicinity  of  vessels,  strongly  indicates  that  the  crystalline  deposits  have 
resulted  from  the  dififusion  of  dissolved  Hb.  or  of  escaped  red  cells. 

Throughout  Ilonlo's  loops,  and  especially  in  the  ascending  arms  and  in 
the  collecting  and  discharging  tubules  the  number  of  clumps  of  pigment 
is  enormous.  The  vessels  here,  while  injected  with  blood,  are  nearly  free 
from  pigment,  which  lies  exclusively  in  the  linino  epithelial  cells  of  the 
tubules,  some  cells  containing  40-50,  or  more,  clumps  in  a  single  section 
(Plate  XI,  Fig,  0).  These  cells,  moreover,  fail  to  show  marked  evidences 
of  granular  or  fatty  degeneration,  or  of  fragmentation,  but  their  proto- 
plasm is  uniformly  finely  granular,  their  edges  arc  unbroken,  and  their  nu- 
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clei  unchanged.  On  close  inspection  these  pigment  clumps  are  found  to  be 
composed  usuallj-  of  small  blunt-pointed  ci-jstals,  sometimes  of  granules, 
of  dark  brown  color,  arranged  usually  in  a  rather  compact  circle  or 
sphere.  Some  of  the  pigment  is  more  diffuse.  Occasionally  a  clear  space 
surrounds  the  pigment  clump,  but  the  great  majority  of  the  pigment 
circles  lie  bare  in  the  cell. 

Brain. — Throughout  the  medulla,  cerebrum,  and  cerebellum,  the  vessels 
are  nearly  free  from  pigment  and  parasites.  In  some  sections  from  the 
frontal  cortex  there  are  a  few  pigmented  endothelial  cells  and  an  occas- 
ional pigmented  parasite,  but  most  capillaries,  though  considerably  in- 
jected, are  free  from  all  traces  of  parasites  or  their  derivatives.  In  manj' 
of  the  pericellular  lymph  spaces  throughout  the  cortex  there  were  peculiar 
structures,  the  nature  of  which  I  have  been  unable  to  determine.  These 
bodies  consisted  mostly  of  elongated  fibrils  or  rods  with  tapering  ends, 
about  0.5  to  1  «  in  thickness,  and  5-15  «  in  length.  They  were  sometimes 
single,  more  often  multiple,  and  arranged  in  rosettes,  or  spirals,  or  in 
concentric  laj-ers,  or  irregtilarly  clumped.  They  stained  densely  with 
methylene  blue,  faintly  with  haematoxylin.  Similar  deposits  were  found 
in  other  cases  of  malaria,  and  in  one  case  of  tuberculous  meningitis.  They 
may  for  the  present  be  classed  with  the  artifacts  of  nervous  tissue. 

Epiceitical: — In  the  above  some^vhat  anomalous  case  there  are 
several  features  of  interest.  The  development  of  a  case  of  fatal  mala- 
ria in  a  patient  who  for  twenty-five  years  had  not  been  away  from  the 
virinity  of  jSTew  York  City  is  unusual.  AVhile  autopsies  on  cases  of 
malaria  are  not  extremely  rare  ia  this  locality,  they  are  usually  eases 
which  were  infected  in  southern  latitudes. 

While  quinine  ia  moderately  large  doses,  with  arsenic,  controlled 
the  active  sporulation  of  the  parasite  and  reduced  the  temperature, 
the  treatment  failed  as  usual  to  have  any  effect  upon  the  crescentic 
forms,  which  persisted  in  enormous  nmnbers  until,  rather  suddenly 
in  the  last  few  days  of  the  disease,  they  disappeared  almost  entirely, 
although  the  patient  died  in  hyperpyrexia.  This  pyrexia  is  no  indica- 
tion of  a  failure  of  quinine  to  control  the  infection,  as  none  of  the 
young  forms  were  seen  after  Oct.  12,  and  the  terminal  fever  must  be 
referred  to  other  causes. 

The  prolonged  delirium  and  coma  are  the  chief  cUnical  features  of 
the  case.  There  seemed  little  ground  for  doubting  that  the  mental 
condition  was  referable  to  the  malarial  infection,  because  the  coma 
was  established  before  the  urine  contained  casts  and  albumin;  the 
changes  in  the  urine  were  never  marked;  there  were  none  of  the  usual 
concomitant  signs  of  chronic  uraemia,  such  as  oedema,  muscular  twitch- 
ings,  etc.  The  general  condition  of  the  patient  was  tj^^ically  that  of 
malaria;  microscopic  evidences  of  extreme  malarial  infection  were 
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found  in  tlie  blood,  liver,  spleen,  marrow,  and  kidneys,  while  the  evi- 
dences of  nephritis  were  very  much  less  marked  than  those  usually  found 
in  cases  dying  in  chronic  uramia.  Neither  can  the  coma  be  referred 
to  the  presence  of  organisms  in  the  cerebral  vessels,  as  none  were  found 
there,  and  it  becomes  necessary  to  regard  the  cerebral  symptoms  as 
dependent  iipon  other  conditions,  probably  toxic,  associated  with  the 
severe  malarial  infection.  This  conclusion  is  in  accord  with  the  evi- 
dence furnished  by  other  cases  of  the  present  series,  which  fails  to 
support  the  view  that  malarial  coma  is  always  dependent  on  the  pres- 
ence of  parasites  or  embolic  processes  in  the  cerebral  vessels.  (See 
especially  Case  VII.) 

The  most  striking  pathological  feature  of  the  case  is  the  massing 
of  pigment  in  the  kidneys,  especially  in  the  cells  of  Henle's  loops.  A 
careful  review  of  the  microscopic  studies  of  the  viscera  in  malarial 
infection,  which  is  believed  to  be  fairly  complete,  fails  to  show  the 
report  of  any  similar  condition  in  uncomplicated  malarial  fever.  In 
the  studies  of  Bignami,'  Guarnieri,''  Marchiafava  and  Celli  (1887),' 
Kelseh  and  Kiener,*  Stieda,°  Bastianelli  (1894),°  Barker,'  Ben- 
venuti.  Thin,'  and  others,  the  number  of  parasites  and  deposit  of 
pigment  in  the  kidneys  are  described  as  moderate.  This  general  rule 
is  explained  by  Bignami  by  the  rapid  renal  circulation.  The  condition 
in  the  present  case  appears  to  resemble  that  found  in  the  kidneys  in 
ha^raoglobinuric  malarial  fever,  in  some  cases  of  which  large  deposits 
of  pigment  have  been  found,  but  differs  from  them  in  the  peculiar  dis- 
tribution of  the  pigment,  and  in  the  absence  of  htematuria. 

On  first  observing  the  pigment  deposits  in  the  epithelial  cells  I  was 
inclined  to  regard  them  as  the  remnants  of  recent  parasites,  on  account 
of  the  close  resemblance  of  many  of  the  pigment  circles  to  those  of 
the  creseentic  bodies,  and  from  the  presence  of  vacuoles  about  some 
clumps.  Further  observations  on  this  and  other  cases,  notably  Case 
VII,  led  to  the  conclusion,  however,  that  most  of  such  pigment  wreaths 
here  and  elsewhere  have  never  been  associated  with  parasites,  but  are 
derived  from  altered  red  cells.     In  the  present  instance  this  conclusion 

'  Atti  (I.  li.  Aecad.  mcd.  di  lioma,  1800;   180S. 

'Ibid.,  1887. 

'Ibid.,  1887. 

'Maladies  dcs  pays  cliauds,  Paris,  IS80. 

»  CmtraWl.  f.  all;/.  Path.  n.  p,ilh.  Aiiat.,  I8!IS,  iv,  ]).  n21. 

<^  Sutl.  d.  H.  Accad.  mcd.  di  Bomn,  1803;  1894. 

'  Johnt  IIopkin»  Hasp.  Rep.,  ISO.'i,  v. 

»  Lancet,  1890,  i,  p.  1414. 
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is  based  upon  the  absence  of  any  trace  of  the  body  of  a  parasite  about 
the  pigment  clumps,  the  abundance  of  the  clumps  about  the  injected 
vessels  of  the  medulla,  and  the  crystalline  form  and  peculiar  arrange- 
ment of  the  grains  of  pigment  in  many  of  the  clumps. 

Case  T\. — .^Jstico-Autimmal  Malaria.  Extreme  Malarial  Infection.  Very 
large  numbers  of  Parasites  in  Tiscera,  especially  in  the  Heart  Muscle.  Rosettes 
in  the  Peripheral  Blood.    Extensive  Piijmentation  of  Serous  Membranes. 

J.  B.,  40  years.  Went  to  Santiag-o  in  June,  1898,  and  remained  about 
five  weeks.  During  the  last  two  weelvs  he  felt  feverish  in  the  afternoon 
and  complained  of  abdominal  pain  and  diarrhoea.  Never  had  a  chill.  The 
same  symptoms  continued  during  four  weeks  after  his  return  to  New  York, 
when  he  took  no  medicine.  Lately  his  chief  complaints  have  been  ^veak- 
ness  and  increasing  pallor,  but  he  has  noticed  no  recent  paroxysms.  On 
August  15,  he  felt  much  worse  and  walked  to  the  hospital  with  difficulty. 
When  first  seen  he  was  apparently  moribund  but  could  answer  a  few 
questions  as  above.  He  soon  became  comatose.  The  pulse  was  very  feeble, 
134  per  minute;  temperature  101. ij°;  respiration  40.  Extreme  pallor  and 
slight  jaundice  were  noted.  On  physical  examination  the  heart  sounds 
were  very  feeble.  The  spleen  was  not  palpable  but  the  area  of  splenic 
dullness  was  enlarged.  The  urine  was  alkaline,  sp.  g.  1014;  it  contained 
a  little  albumin,  but  no  casts  were  seen.  During  the  night  he  vomited 
occasionally;  delirium  alternated  with  stupor;  the  pulse  failed  steadily; 
the  temperature  rose  to  103.8°  F.,  and  he  died  14  hours  after  admission. 

Autopsy. — 10  hours  after  death.  Extern^ally,  extreme  pallor,  slight  jaun- 
dice, no  oedema.  Subcutaneous  tissues  show  a  peculiar  brownish  yellow 
discoloration.  Lungs,  moderately  congested  and  oedematous.  Heart,  size 
normal;  muscle  very  flabby  and  pale;  valves  normal;  chambers  slightl3' 
dilated.  lAver,  surface  and  section  of  dark  slaty  color;  outlines  of  lobules 
indistinct;  size  and  consistence  normal.  Spleen,  iy„  lbs.,  uniformly  en- 
larged, of  very  dark  chocolate  color,  pulp  difSuent.  Kidneys  show  signs 
of  acute  degeneration.  Gastro-intestinal  tract  shows  throughout  a  moderate 
catarrhal  inflammation,  but  no  haemorrhages  or  erosions.  Serous  mem- 
branes all  show  small  areas  of  black  pigmentation.  Peritoneum  is  of  a 
dark  slaty  color  and  in  the  parietal  pleura  there  are  some  large  irregular 
patches  of  dense  black  pigmentation.  Marrow  of  ribs  and  vertebrae  is 
very  hyperaemic  and  of  dark  chocolate  brown  color.  The  hlood  is  very 
anaemic  and  of  distinct  chocolate  tinge.     The  brain  could  not  be  examined. 

Microscopic  Examination. — Blood. — Smears  taken  on  admission  showed  a 
large  number  of  sestivo-autumnal  parasites.  Most  were  of  the  signet-ring 
form,  without  pigment,  and  all  except  the  earliest  stages  were  about 
equally  represented.  In  a  few  of  the  lirger  rings  one  or  two  flne  pigment 
grains  were  noted.  Besides  the  rings  there  were  a  good  many  older  forms 
with  clumps  of  pigment.  A  few  rosettes  were  found  in  the  blood.  The 
red  cells  showed  the  changes  of  a  severe  secondary  chlorotic  anemia. 

Heart  ^[uscle. — The  number  of  parasites  in  the  red  cells  filling  most  of 
the  capillaries  is  enormous.  At  many  points  nearly  every  red  cell  con- 
tains one  or  more  organisms  and  the  vessel  appears  to  be  distended  with 
masses  of  infected  red  cells  and  pigmented  leucocytes   (Plate  X,  Fig.  7). 
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The  forms  of  the  parasites  are  about  equally  divided  between  non-pig- 
meuted  rings,  pigmented  spheroidal  bodies,  and  rosettes;  but  no  crescents 
or  distinct  ovoids  could  be  found.  There  are  in  the  vessels  a  few  pig- 
mented endothelial  cells  of  the  usual  appearance,  and  many  richly  pig- 
mented leucocytes. 

Most  of  the  muscle  cells  contain  a  moderate  deposit  of  large  greenish 
yellow  granules.  There  are  no  evidences  of  fatty  or  other  form  of  degen- 
eration of  the  muscle  cells. 

Lungs  contain  a  great  many  richly  pigmented  phagocjtes  with  parasites 
in  all  stages  of  degeneration.  The  capillaries  are  frequently  distended  and 
sometimes  apparently  occluded  by  masses  of  red  cells,  pigmented  endo- 
thelial cells,  leucocytes,  and  macrophages.  The  vesicles  contain  a  few  large 
pigmented  cells.  Parasites  are  not  more  numerous  than  in  the  peripheral 
blood. 

KiOney. — The  capillaries  everywhere  contain  a  moderate  number  of  red 
cells  harboring  parasites.  Most  of  these  are  the  non-pigmented,  ring- 
shaped  organisms.  A  great  many  richly  pigmented  spheroidal  parasites 
were  seen  in  the  same  situation  as  the  rings,  and  a  few  segmenting  bodies 
were  noted.  In  no  place  were  the  capillaries  distended  or  occluded  bj- 
masses  of  infected  red  cells  and  pigmented  leucocytes,  as  was  noted  in  the 
heart  muscle.  Evidences  of  phagocytosis  are  moderately  abundant  and 
extremely  distinct,  especially  in  the  glomeruli.  The  phagocytic  cells  are 
always  either  mononticlear  leucocytes  or  endothelial  cells,  the  tubule 
cells  being  free  from  pigment.  The  observed  phases  of  the  process  inclu- 
ded the  inclosure  of  an  entire  red  cell  infected  with  an  unpigmented  ring; 
the  inclosure  of  one  or  many  pigmented  spheroidal  bodies;  all  stages  of 
the  destruction  of  the  bodies  of  inclosed  parasites;  and  finally  the  circles 
and  clumps  of  fine  pigment  grains,  which  remain  after  the  destruction  of 
parasites  and  red  cells.  From  one  to  twenty  circles  were  counted  in  large 
macrophages  lying  free  in  the  capillaries.  The  glomeruli  and  the  capil- 
laries of  the  medulla  contain  more  pigmented  cells  and  parasites  than  do 
the  cortical  vessels.  There  is  a  marked  acute  degeneration  of  the  lining 
cells  of  the  convoluted  tubules,  but  no  signs  of  chronic  nephritis.  The 
tubules  are  slightly  dilated,  and  contain  cither  casts,  or  coagulum.  or 
fragments  of  epithelial  cells. 

Marroir. — The  deposit  of  pigment  is  very  marked  but  much  less  than  in 
the  liver  and  spleen.  The  pigment  is  found  in  the  endothelial  cells,  and 
especially  in  the  large  and  giant  mononuclear  cells  of  the  pulp  cords.  In 
these  cells  all  stages  of  the  ingestion  and  destruction  of  parasites  could 
be  followed.  The  number  of  parasites  within  red  cells  is  considerable  and 
larger  than  in  the  liver  and  spleen. 

In  sections  of  ribs  and  vertebral  bodies  very  few  fat  cells  are  present, 
the  marrow  being  excessively  cellular.  Nucleated  red  cells  are  abundant 
and  some  are  of  slightly  increased  size.  The  eosins  and  giant  cells  are 
distinctly  increased. 

In  smears  of  the  expressed  marrow  the  same  conditions  were  seen 
distinctly.  Minute  intracellular  rings  are  verj-  abundant,  many  cells  con- 
taining two,  and  some  three,  or  four,  such  parasites.  Twin  ]>arasites  were 
found  in  the  cells,  also,  in  the  form  of  large  vesicular  bodies,  one-third 
the  diameter  of  the  cell,  and  sometimes  showing  one  or  two  very  minute 
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pigment  grains,  but  beyond  this  size,  no  twin  parasites  could  be  found. 
Well  pigmented  parasites  were  always  single,  and  no  cell  was  found  con- 
taining  two   well   developed   spheroidal   bodies. 

A  few  minute  rings  and  a  great  many  pigmented  spheroidal  bodies  were 
found  apparently  extracellular,  a  position  which  I  am  inclined  to  refer 
principally  to  post-mortem  and  ai'tiiicial  processes.  Eosettes  were  abun- 
dant, and  in  several  which  were  considerably  flattened  IS  spores  could 
be  accurately  counted.  A  moderate  number  of  young  and  middle-sized 
crescents  were  seen. 

The  phases  of  phagocytosis  were  quite  distinct.  The  great  majority 
of  pigmented  cells,  and  the  only  ones  containing  excessive  pigment  de- 
posits, were  the  large  mononuclear  cells  of  the  pulp  cords.  The  pig- 
ment was  found  in  the  form  of  discrete  grains,  or  often  in  compact 
clumps,  or  circles.  From  one  to  thirty  or  more  of  these  pigment-clumps 
were  seen  in  the  larger  cells.  In  many  instances  the  circle  of  pigment 
surrounded  a  vacuole  somewhat  larger  than  the  bodj'  of  a  parasite.  In 
heavily  pigmented  cells  irregular  masses  of  granular  pigment  were  usu- 
ally found  in  the  perinviclear  region  and  elsewhere.  The  parasites  seen 
within  phagocytes  included  a  few  non-pigmented  rings  and  many  faintly 
staining  pigmented  spheroidal  bodies.  Many  stages  of  the  degeneration 
of  parasites  were  seen  in  the  bodies  of  these  cells. 

The  freqiient  appearance  of  a  circle  of  pigment  grains  around  a  small 
vacuole  is  probably  referable  to  the  complete  destruction  of  the  red  cell 
(Plate  X,  Figs.  1  and  4).  Many  of  these  large  circles  of  pigment  grains 
surrounded  a  central  compact  clump,  as  though  the  englobed  cell  had 
contained  a  pigmented  parasite.  A  great  many  small  spherical  masses 
of  fine  pigment  grains,  identical  in  appearance  with  the  pigment  clumps 
of  full  grown  parasites  or  rosettes,  were  seen,  and  tx-aces  of  the  bodies 
of  the  parasites  were  often  detected  about  the  clumps.  Many  discrete 
coarser  grains  and  clumps  without  vacuoles  or  surrounding  granules 
seemed  to  represent  that  pigment  which  had  been  absorbed  from  the 
plasma  after  its  discharge  from  the  parasite.  Larger  conglomerate  masses 
of  older  pigment  were  abundant,  but  even  in  these  masses  a  gi-anular 
structure  was  usually   visible. 

Finally,  in  the  marrow  smears,  the  formation  of  peculiar  vacuolated  leuco- 
cyiex  could  be  traced  from  the  smaller  and  medium-sized  mononuclear  cells 
of  the  marrow.  In  these  cells  the  nucleus  gradually  lost  its  affinity  for 
methylene  blue  and  became  indistinguishable  from  the  cell-body.  At  the 
same  time,  in  the  nucleus  and  cell-body,  hyaline  globules  developed  and 
graduallj-  increased  in  size  until  the  entire  cell  was  reduced  to  a  coarsely 
reticulated  faintly  staining  mass,  identical  in  appearance  with  the  vacuolated 
leucocytes  seen  in  the  circulation  (Plate  XI,  Fig.  8).  This  process  affected 
both  pigmented  and  non-pigmented  cells. 

On  the  other  hand  no  resemblance  could  be  traced  between  any  of  the 
stages  of  these  degenerating  cells  and  the  various  forms  of  parasites  to  be 
found  in  the  marrow,  none  of  which,  when  admitting  of  positive  identifi- 
cation in  stained  specimens,  exhibited  similar  degenerative  changes.  In 
the  fresh  marrow  juice  these  leucocytes  very  closely  resembled  the  forms  of  large 
vacuolated  parasites  described  by  some  icriters. 


128  Pathological  Anatomy  of  Malarial  Fever 

Spleen. — The  black  color  of  the  spleen  is  found  to  be  referable  to  very 
heavy  deposits  of  pig-ment,  lying-  in  endothelial  cells,  large  mononuclear 
cells  of  the  pulp  and  sinuses,  and  leucocjtes  in  the  sinuses,  and  in  parasites 
infecting  red  cells.  The  outlines  of  the  sinuses  are  no  longer  visible,  being 
choked  by  the  influx  of  pigmented  cells,  or  distended  or  ruptured  thereby. 
The  Malpighian  bodies  are  much  reduced  in  size.  No  foci  of  large  cells 
free  from  pigment  were  to  be  seen  in  the  pulp  tissue. 

The  parasites  are  very  numerous  and  of  all  forms  except  crescents,  but 
the  majority  appear  to  be  inclosed   in  various  phagocytes. 

hirer. — The  pigment  deposits  are  extremel3'  rich  and  are  found  in  the 
long  swollen  endothelial  cells  of  the  capillaries  and  in  large  mononuclear 
cells  Ijing  often  apparently  free  in  the  capillaries,  and  some  of  which  are 
probably  leucocytes.  The  parenchyma  cells  are  free  from  pigment.  The 
number  of  parasites  is  very  large,  ilost  of  them  are  inclosed  within  the 
above  phagocytic  cells,  in  which  all  stages  of  their  degeneration  are  to  be 
seen  (Plate  X,  Figs.  1  and  2). 

In  the  red  cells  a  moderate  number  of  rings,  pigmented  spheroidal  bodies, 
and  a  few  rosettes  are  seen.  In  the  capillaries  of  Glisson's  capsule  the 
numbers  of  parasites  within  red  cells  are  very  much  greater  than  in  the 
intralobular  capillaries.  The  chromatic  network  of  the  liver  cells  stains 
faintly  with  methylene  blue  and  is  very  ragged  and  irregular.  There  are 
no  signs  of  fatty  degeneration.  The  cells  usually  contain  a  deposit  of  large 
greenish   granules. 

Epiceitical: — Among  the  features  of  this  case,  attention  may  be 
drawn  to  the  rather  sudden  termination  after  a  period  of  comparative 
freedom  from  severe  symptoms,  in  which  respect  there  is  nothing  very 
anomalous;  to  the  prominence  of  the  cardiac  symptoms;  to  the  acute 
degeneration  of  the  kidneys;  and  to  the  activity  and  extent  of  the 
phagocytic  process.  These  features  ma)-  best  be  considered  in  connec- 
tion \vith  the  pathological  conditions  found  in  the  viscera. 

As  the  patient's  condition  bad  not  led  him  to  seek  medical  assist- 
ance until  a  few  hours  before  his  death,  it  must  be  supposed  that  the 
paroxysms  immediately  preceding  the  fatal  attack  were  mild,  as  is  also 
indicated  by  the  further  history  obtained.  Such  pronounced  heart 
weakness  occurring  early  in  the  first  severe  paroxysm  of  the  relapse 
would  seem  to  class  the  case  with  those  of  acute  cardiac  failure  in  per- 
nicious malaria.  It  was  noted  in  the  physical  examinatfon  on  entrance 
that  the  first  sound  of  the  heart  was  barely  audible,  and  the  pulse 
extremely  feeble.  The  microscopic  examination  showed  the  presence 
of  unusually  large  numbers  of  parasites  in  the  visceral  capillaries,  the 
heart  muscle  containing  an  excessive  proportion  of  them.  All  the 
small  vessels  in  this  locality  were  filled  or  distended  with  blood  con- 
taining a  colossal  number  of  parasites  in  all  stages  of  development, 
witli  :iii  nliiindant  admixture  of  pigmented  leucocytes.    A  considerable 
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mechanical  effect  of  such  a  massing  of  parasites  in  obstructing  the  cir- 
cuiation  can  hardly  be  doubted,  although  no  signs  of  complete  throm- 
bosis of  small  vessels  could  be  found.  On  the  other  hand,  no  inflam- 
matory reaction  in  or  about  the  vessels  or  in  the  muscle  fibres  or  sup- 
porting tissue,  no  hsemorrhages,  or  evidences  of  degeneration  or  necro- 
sis of  cells,  could  be  found.  Yet  if  the  mere  presence  of  the  bodies  of 
parasites  in  a  tissue  is  capable  of  exciting  any  such  inflammatory  reac- 
tion or  causing  cellular  degenerations,  this  was  an  unusually  favorable 
situation  to  demonstrate  these  effects.  ISTo  such  changes  existmg,  their 
absence  appears  to  furnish  some  evidence  that  the  bodies  of  malarial 
parasites  do  not  exert  any  marked  local  toxic  influence,  but  that  their 
local  action  is  largely  mechanical.  Granting  that  a  considerable  dis- 
turbance of  the  heart  results  from  the  general  toxic  condition,  it  seems 
probable  that  the  extreme  cardiac  failure  observed  in  the  present  case 
resulted  from  the  mechanical  obstruction  of  the  circulation  by  the 
masses  of  parasites  in  the  capillary  vessels,  but  the  evidence  that  such 
a  relation  existed  can  hardly  be  claimed  as  demonstrative. 

In  the  kidneys,  on  the  other  hand,  where  the  effects  of  a  toxic  agent 
were  very  marked,  the  number  of  parasites  was  comparatively  small, 
hardly  exceeding  that  found  in  the  peripheral  blood.  In  these  organs 
there  were  distinct  signs  of  severe  acute  degeneration,  referable,  not  to 
the  presence  of  parasites,  but  to  the  general  toxaemia. 

The  phagocytic  process  was  extremely  active  in  the  liver,  spleen,  and 
marrow,  where  the  great  majority'  of  parasites  were  englobed  in  phago- 
cytic cells.  The  leucocytes  were  everywhere  actively  engaged  in  the 
process.  In  the  kidney  the  majority  of  phagocytic  cells  were  leuco- 
cj'tes.  In  the  heart  muscle,  and  in  the  connective  tissues  generally, 
the  parasites  were  very  abundant  and  were  multiplying  rapidly,  unre- 
strained by  any  phagocytic  tendency  in  the  endotTielial  cells. 

Case  III. — AH stivo- Autumnal  Malaria.  Marked  Cerehral  Symptoms  and  Con- 
centration of  Parasites  in  Capillari-es  of  Central  Nervous  System.  Infection  tmth 
a  single  well  defined  group  of  Parasites.  Developmental  stages  fully  apparent 
throughout  a  -iS  hr.  cycle.  8er>ere  degenerative  changes  in  the  cells  of  the  Convo- 
luted TuiuUs,  mth  ahsence  of  parasites  in  tlie  renal  vessels.  Capillar!/  Yuriros- 
ities  in  the  Liver,  with  atrophy  of  parenchyma. 

B.  T.,  32  years.  While  in  Cuba  he  had  attacks  of  chills,  fever,  and  diar- 
rhoea, but  partly  recovered  under  quinine.  On  the  transport  the  same 
symptom.s  returned.  After  arrival  at  Camp  WikofE  he  suffered  from  nearly 
continuous  fever  without  chills,  and  the  diarrhoea  became  more  profuse. 

On  admission  to  the  General  Hospital,  September  6,  he  was  considerably 
emaciated,  slightly  jaundiced,  and  completely  prostrated.  He  was  g-iven 
2%   g-r.    of   bimuriate   of   urea   and   quinine,    subcutaneously,    t.    i.    d.,    and 
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opium.  He  passed  a  restless  uight  and  the  temperature  remained  high. 
At  10  A.  M.,  September  7,  examination  of  the  blood  showed  a  recent  sporu- 
lation  of  parasites.  The  temperature  fell  steadily  during  the  day  but  the 
patient  became  delirious  in  the  afternoon,  and  comatose  by  night,  and 
never  recovered  consciousness.  Thei-e  was  a  moderate  rise  of  temperature 
on  Sept.  8,  while  the  coma  deepened  and  the  pulse  gradually  failed.  Death 
occurred  at  3  A.   M.,   Sept.   9. 

Blood  Eiamination,  September  T,  10  A.  11.,  showed  a  great  many  aestivo- 
autumnal  ring-shaped  parasites,  2-3  /;  in  diameter,  lying  in  shrunken  red 
cells.  Most  of  them  are  entirely  free  fromi  pigment,  but  rarely  one  or 
more  fine  pigment  grains  may  be  detected.  A  great  many  of  the  rings  are 
less  than  2  «  in  diameter,  ilultiple  infection  of  cells  is  not  unusually  fre- 
quent. In  the  fresh  condition  the  parasites  exhibit  rapid  changes  in 
outline   but  few   distinct   pseudopodia. 

The  red  cells  show  the  changes  of  a  severe  secondary  ancemia  with 
beginning  changes  in  the  size  of  the  cells.  The  leucocytes  are  reduced  in 
number.     Xo  eosins  seen.     No  pigmented  leucocytes. 

Sept.  8,  10  A.  M.,  the  parasites  are  much  less  numerous.  They  are  nearly 
all  of  larger  size,  J-.")  //,  and  maintain  th.e  form  of  a  ring  with  thickened 
irregular  segments.  A  few  show  one  or  two  fine  pigment  grains.  The 
chromatin  is  variously  subdivided  and  usually  disi^laced  from  the  peri- 
phery of  the  ring,  being  often  found  as  a  small  group  of  very  fine  granules 
in  the  centre  of  the  ring,  or  arranged  in  the  form  of  a  crescent  or  figure 
8,  or  as  an  irregnilar  mass  or  group  of  granules  lying  at  some  distance 
from  the  ring.  Xo  spheroidal  bodies  with  compact  pigment  mass  and  no 
rosettes  were  seen  in  this  case.  Several  hours  were  spent  at  various  times 
in  the  study  of  these  specimens  and  during  that  time  two  crescents  wore 
encountered.  The  unity  of  the  group  of  parasites  is  to  that  extent  imper- 
fect. 

In  the  fresh  condition  the  formation  of  pseudopodia  and  the  anuel)i>id 
motion  are  very  active,  and  the  pigment  grains  show  slight  vibratory 
motion.     The  leucocytes  are  as  before. 

Autopsy. — 4  hours  after  death.  Body  markedly  emaciated,  slig-htly  jaun- 
diced; no  oedema.  Lungs  show  old  emphj-sema  and  hypostatic  congestion. 
Heart,  rather  small;  valves  and  muscle  normal;  pericardium  distended  with 
clear  serum.  Spleen,  slightly  enlarged,  moderately  pigmented,  dark  brown, 
ratlier  soft.  Eidnei/s,  about  normal  in  size,  consistence  reduced,  capsuh>s 
not  adherent,  surface  smooth,  cortex  somewhat  thickened,  pale,  markings 
regular  but  indistinct.  Stomach,  contains  bile,  otherwise  negative.  Intes- 
tine, normal.  Bruin,  no  increase  of  serum,  no  venous  congestion,  no  dropsy 
of  ventricles;  cortex  slightly  brownish  on  section;  no  petechiae. 

Microscopic  Examination. — Lifer. — The  liver  cells  are  very  fatty,  and  con- 
tain many  coarse  yellowish  grantiles,  some  of  which  give  the  reaction  of 
hremosiderin.  No  necrotic  foci  were  seen.  In  many  lobtiles  the  cords  of 
liver  cells  are  partly  or  completely  atrophic  and  the  capillaries  are  much 
widened,  forming  a  variety  of  cavernous  tissue.  These  changes  are  of 
irreg'ular  distribtition  in  the  organ,  being  sometimes  most  marked  about 
central  veins,  but  more  often  affecting  large  irregular  portions  of  lobules. 
I'igmentation  of  endothelial  cells  and  of  leucocytes  is  marked  tiut  not 
extreme.  Parasites  are  very  scarce,  but  a  few  small  spheroidal  bodies 
and    niinnto   rings  could   with    diiriculty   he   identified. 
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SpICKii. — Appearances  similar  to  those  of  Case  II;  but  very  few  parasites 
could  be  identified. 

Marrow. — The  marrow  of  the  vertebra;  is  very  fatty.  In  the  cellular 
cords,  there  is  in  places  moderate  proliferation,  and  the  cells  appear  in 
compact  masses.  Generally,  however,  the  cords  appear  normal  or  deficient 
in  colorless  cells.  The  i)igment  deposit  is  slight  and  no  parasites  could 
be  identified.  In  smears  of  the  marrow  a  few  ring--shaped  parasites  witliin 
red  cells  were  identified.  The  nucleated  reds,  eosins,  and  giant-cells  are 
very  deficient. 

Kidiicy-f. — The  convoluted  tubules  are  markedly  dilated  and  filled  with 
granular  coagulnm.  The  cells  are  flattened,  or  broken  and  degenerated, 
and  nearly  all  contain  great  numbers  of  large  and  small  light  yellowish 
granules  which  give  the  Prussian  blue  reaction  of  haemosiderin.  The 
capsules  of  the  glomeruli  are  considerably  dilated.  The  capillary  tufts 
contain  a  moderate  number  of  pigmented  cells  and  a  few  spheroidal 
parasites.  In  a  few  of  the  ascending  limbs  of  Henle's  loops  there  are  a 
good  manj'  clumps  of  pigment  Iv'ing  within  the  lining  cells,  but  this  con- 
dition is  not  at  all  frequent. 

Brain. — Throughout  the  cerebrum,  cerebellum,  medulla,  and  upper  cer- 
vical cord,  the  capillaries  contain  a  very  large  number  of  red  blood  cells 
harboring  parasites.  Most  of  these  are  small  pigmented  spheroidal  bodies; 
some  exhibit  the  large  ring  form  with  little  pigment,  and  a  very  few 
rosettes  were  identified.  The  pigment  deposit,  outside  of  the  parasites, 
is  slight.  A  considerable  number  of  capillaries  were  found  completelj' 
filled  and  apparently  occluded  by  masses  of  infected  red  cells,  pigmented 
leucocytes,  and  swollen  jiigmented  endothelial  cells.  In  the  same  regions 
the  small  arterioles  and  all  the  larger  vessels  were  almost  entirely  free 
from  parasites.  The  ganglion  cells  everywhere  show  reduction  in  size, 
irregularity,  splitting,  or  loss,  of  chromatic  bodies.  These  changes  are  less 
marked  in  the  large  stichochromes  of  the  bulbar  nuclei  than  in  the  cere- 
brum  and   cerebellum. 

Epickitical: — Although  further  evidence  is  hardly  required  to 
demonstrate  the  fact  that  in  many  cases  of  pernicious  malaria  of  the 
cerebral  type  the  capillaries  of  the  brain  contain  an  excessive  number 
of  parasites,  the  present  case  is  such  a  striking  example  of  this  condi- 
tion as  to  be  worthy  of  record. 

The  relation  of  the  cerebral  symptoms  can  apparently  be  closely 
connected  with  the  development  of  the  parasites  as  followed  in  the 
examinations  of  the  blood.  Sporulation  occurred  during  the  night  of 
September  6,  when  the  temperature  was  at  its  highest  point,  104°.  At 
10  A.  M.,  September  7,  when  the  patient  was  extremely  restless,  the 
blood  and  presumably  the  brain  contained  a  large  number  of  small  ring- 
shaped  parasites.  Delirium  and  partial  stupor  began  on  the  same  after- 
noon. At  10  A.  M.,  September  8,  when  the  patient  was  comatose,  the 
parasites  had  markedly  increased  in  size  and  many  had  retired  from  the 
general  circulation.     At   this  time  it  is  reasonable  to  infer  that  the 
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increased  size  of  the  parasites  and  probablj'  their  increased  numbers 
in  the  central  nervous  system  had  seriously  impaired  the  capillary 
circulation.  At  death,  3  A.  if.,  September  9,  preceded  for  several 
hours  by  profound  coma,  the  sections  of  the  braia  show  that  the  major- 
ity of  the  parasites  had  reached  their  full  development,  some  were 
segmenting,  and  many  cerebral  capillaries  were  occluded. 

The  presence  of  a  single  group  of  parasites,  the  development  of  which 
coiild  be  followed  throughout  the  cycle,  is  one  of  the  interesting  fea- 
tures of  the  case.  Sporulation  appears  to  have  been  completed  during 
the  night  of  September  6,  when  the  temperature  reached  its  highest 
point,  104°.  At  10  A.  M.,  September  7,  the  blood  contained  a  large 
number  of  rings  nearly  all  under  3it  in  diameter,  with  a  single  large 
chromatin  body,  and  without  pigment.  These  parasites  appeared  to 
have  had  at  least  6-10  hours'  growth.  At  10  A.  M.,  September  8,  the 
parasites  had  increased  in  size,  measuring  about  4-5,«  in  diameter; 
numerous  outgrowths  had  appeared  on  the  circumference  of  the  rings; 
the  chromatin  (Xocht's  method)  was  invariably  increased  in  quantity, 
subdivided,  and  irregularly  placed,  and  a  few  parasites  showed  slight 
pigmentation.  There  were  still  no  spheroidal  bodies,  with  compact 
pigment,  to  be  found,  after  30  hours'  growth.  The  patient  died  at 
3  A.  M.,  September  9,  and  the  great  majority  of  parasites  found  in  the 
cerebral  capillaries  were  of  large  size  and  abundantly  pigmented,  and 
a  few  rosettes  were  seen,  indicating  the  approach  of  general  segmenta- 
tion at  the  end  of  48-50  hours'  growth.  Judging  from  the  appearance 
of  the  parasites  found  in  the  sections  of  the  brain  it  would  appear 
that  about  6-10  hours'  growth  separated  considerable  numbers  of  the 
youngest  from  the  oldest  members  of  the  group,  although  between  a 
few  individuals  the  intervals  must  have  been  much  longer. 

The  severity  of  the  renal  lesion,  with  the  absence  of  parasites  in  tlie 
renal  vessels,  also  requires  mention.  The  changes  in  the  cells  of  the 
renal  tubules  were  more  advanced  than  in  any  other  uncomplicated 
case  of  the  series  and  appeared  to  be  purely  of  the  type  of  acute  degen- 
eration. The  lining  cells  were  markedly  eroded  and  largely  composed 
of  a  multitude  of  light  yellow  granules  giving  the  reaction  of  h!t?mo- 
sidcrin.  This  destruction  of  the  lining  cells  caused  the  dilated  tubules 
to  be  more  or  less  filled  with  granular  detritus,  but  there  was  no  fur- 
ther evidence'  of  an  exudative  process.  The  kidney  was  free  from 
chronic  changes.  In  the  ab.sence  of  parasites  and  of  signs  or  causes 
of  acute  inflammation,  this  lesion  must  be  referred  to  a  toxic  condi- 
tion associated  with  the  malarial  infection. 
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The  evidence  of  the  present  case,  therefore,  fully  accords  with  the 
conclusion  drawn  from  other  eases  of  the  series,  that  the  usual  renal 
lesions  of  pernicious  malaria  are  referable  to  the  effects  of  a  toxic 
process  and  not  to  the  direct  action  of  parasites. 

Case  TV. — .^stivo- Autumnal  Malaria.  Extreme  Malarial  Infection.  Locali- 
zation of  Parasites  in  Bone  Marrow.  Infection  with  only  one  group  of  Parasites. 
Pernicious  Anwmia. 

F.  J.,  27  years,  private,  U.  S.  Army.  No  important  details  of  the  history 
of  this  case  were  obtainable.  It  was  learned  that  the  patient  had  suffered 
severely  from  malarial  fever  in  Cuba  and  on  the  transport,  and  was 
received  at  the  hospital  at  Montauk  in  a  precarious  condition,  dying  a  few 
hours  afterward  in  spite  of  stimulation  and  subcutaneous  injections  of 
quinine. 

Autopsy. — 6  hours  after  death.  Body  very  much  emaciated,  markedly 
jaundiced.  Lungs,  lower  lobes  cedematous;  commencing  hepatization  of 
lower  part  of  right  upper  lobe.  Heart,  flabby,  pale;  valves  normal;  peri- 
cardium distended  with  clear  serum.  Lira;  of  moderate  size,  almost  black; 
gall-bladder  distended  with  bile.  Spleen,  moderately  enlarged,  soft,  black. 
Kidneys,  slightly  enlarged,  surface  smooth,  capsule  not  adherent,  cortex 
thick,  yellowish,  markings  regular,  indistinct.  Gastro-intestinal  tract,  nega- 
tive. Peritoneum,  slate  colored.  Marrow  of  ribs  and  vertebrae  chocolate 
colored. 

Microscopic  Exami7iati<in. — Blood. — The  only  specimens  secured  were 
squeezed  from  the  incised  finger-tip  at  the  autopsy,  six  hours  after  death. 
The  red  cells  are  extremely  deficient  in  number  and  usually  fail  to  form 
rouleaux.  The  plasma  stains  slightly.  There  are  extreme  differences  in 
the  size  of  the  red  cells,  which  vary  from  small  microcytes  to  very  large 
megalocy tes ;  most  are  larger  than  normal.  Nearly  all  cells  contain  an 
increased  quantity  of  Hb.  and  many  are  polychromatophilic.  Nucleated 
red  cells  are  abundant  and  nearly  all  fall  in  the  class  of  megaloblasts  or 
gigantoblasts.  There  is  a  pronounced  polynuclear  leucocytosis  (ante- 
mortem?),  but  eosinophile  cells  are  scarce.  Many  leucocytes,  both 
mononuclear  and  polynuclear,  are  pigmented.  Comparatively  few  para- 
sites could  be  found,  and  these  were  all  small  rings,  as  seen  in  the  smears 
of  the  marrow. 

Liver. — There  is  slight  fatty  degeneration  of  the  liver  cells;  the  chromatic 
network  is  irregular  and  indistinct,  and  the  cells  all  contain  large  greenish 
granules  which  give  the  reactions  of  bile  pigment.  There  are  no  areas  of 
necrosis.  The  deposits  of  malarial  pigment  are  abundant  and  very  similar 
to  those  described  in  Case  II,  but  the  evidences  of  inclosure  and  destruc- 
tion of  parasites  are  very  much  less  marked.  Very  few  parasites  could 
be  identified. 

Spleen  shows  the  usual  changes  of  acute  malarial  infection. 

Marrow. — That  of  the  ribs  and  vertebral  bodies  is  very  cellular.  The 
hyperplasia  affects  principally  the  myelocytes,  many  of  which  show  mitotic 
figures,  other  small  mononuclear  cells,  and  giant-cells,  of  which  there  are 
man3-  groups  of  five,  six,   or  more.     No  fat  cells  were   seen.     The   sinuses 
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are  gorged  -with  red  cells  and  pigmerited  leucocytes.  Nucleated  red  cells 
are  very  abundant  but  no  "'  islands  "  of  these  cells  could  be  found.  The 
pulp  cords  contain  a  great  many  heavily  pigmented  endothelial  and  large 
mononuclear  cells.  A  few  parasites  were  identified  in  the  sections  with 
difficulty. 

In  smears  of  the  marrow,  all  stages  of  the  inclosure  and  destruction 
of  parasites  could  be  followed  in  the  large  mononuclear  and  endothelial 
cells.  The  number  of  parasites  found  in  these  smears  is  enormous,  and 
nearly  all  are  the  small  ring-shaped  forms  without  pigment.  They  are 
much  more  numerous  in  the  marrow  than  in  the  blood  smears  or  in  any 
other  tissues  of  the  case,  and  much  more  numerous  than  in  the  smears 
made  from  the  marrow  of  any  other  case  of  the  series.  Examples  of  multi- 
ple infection  of  the  same  red  cell  are  very  numerous,  three  and  four  rings 
being  very  frequentlj'  seen;  five  and  six  were  sometimes  encountered,  and 
one  cell  was  found  containing  seven  distinct  young  rings.°  In  sjiite  of  the 
enormous  number  of  parasites  and  the  abundance  of  nucleated  red  cells, 
none  of  the  latter  were  found  infected.  No  crescents  were  seen.  Of  the 
nucleated  red  cells  many  are  of  normal  size  and  appearance,  but  a  great 
manj'  darkly  staining  megaloblasts  and  gigantoblasts  are  present.  The 
eosinophile  cells  are  about  normal  in  numbers,  while  the  giant-cells  are 
distinctly  increased. 

The  kidnci/s  show  the  lesions  of  acute  degeneration  similar  to  those  of 
Case  II,  but  the  number  of  parasites  in  the  capillaries  is  small,  and  no 
rosettes  were  seen.     Pigmentation  is  moderate. 

In  the  heai't-muscle  a  few  ring-shaped  and  a  veiy  few  small  spheroidal 
parasites  v\ere  found. 

The  gantro-inlcstinal  tract  exhibited  no  lesions  of  importance;  its  wall 
contained  a  moderate  number  of  small  parasites  without  pigment. 

The  brain  was  not  examined. 

Epicrixical: — In  this  case  there  are  several  isolated  features  of 
interest.  The  localization  of  an  enormous  number  of  parasites  iu  the 
marrow  of  the  ribs  and  vertebrae  is  a  peculiarity  not  encountered  in 
any  other  case  of  the  series.  It  has  appeared  from  smears  and  sec- 
tions of  the  marrow  of  other  cases  that  the  activity  of  phagocytes  in 
this  tissue,  as  in  the  liver  and  the  spleen,  greatly  reduces  the  numbers 
of  parasites  that  can  be  demonstrated  in  smears  of  these  tissues.  This 
general  rule,  first  formulated  by  Guarnieri  and  Bignami,  has  applied 
in  all  other  cases  of  my  series,  but  in  the  present  iustance  no  large 
number  of  parasites  was  demonstrated  in  any  other  tissue  except  the 
marrow,  where  the  excessive  pigmentation  is  lurther  evidence  of 
unusual  activity  of  the  parasites  in  this  locality. 

Attention  may  here  be  drawn  to  the  necessity  of  relying  only  upon 
smears  of  the  tissues  and  not  upf;n  the  examination  of  sections  to 

'Sbown  in  Plutc  .\.\.\,  Fig.  S,  in  Jonniul  of  Kxperimeiilal  Jfeditiiic,  1001,  v. 
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determine  the  niunber  of  parasites  present  in  tissues  which  are  actively 
engaged  in  phagocytosis.  Although  formalin  as  used  in  fixing  the 
tissues  proved  to  be  a  very  superior  agent  for  this  purpose,  it  has 
always  seemed  to  me  difficult  and  hazardous  to  attempt  to  identify 
parasites  in  stained  sections  of  the  liver,  spleen,  or  marrow,  and  in 
miiny  instances  where  none  could  be  identified  in  sections,  smears  of 
the  tissi;es  revealed  their  presence  in  abundance.  In  the  kidney,  heart- 
muscle,  brain,  and  all  tissues  where  phagocytosis  is  less  active,  the 
results  of  examination  of  stained  tissues  appear  to  be  fully  reliable, 
especially  if  ISToeht's  method  is  used. 

A  further  point  of  interest  in  the  present  case  is  the  evidence  point- 
ing to  the  existence  of  a  single  very  compact  group  of  parasites  in  the 
blood  and  viscera.  The  forms  found  in  the  blood  and  in  the  smears 
of  the  viscera  included  only  the  smaller  non-pigmented  ring-shaped 
parasites.  Neither  pigmented  spheroidal  bodies,  nor  rosettes,  nor  cres- 
cents, were  anywhere  seen.  This  condition  is  the  more  remarkable 
since  the  pigmentation  of  the  viscera,  the  grade  of  anaemia,  and  the 
general  condition  of  the  patient  indicated  a  somewhat  prolonged  course 
of  the  infection. 

The  changes  in  the  blood  in  this  case  are  of  special  interest,  illustrat- 
ing the  rapid  development,  as  a  result  of  malarial  infection,  of  a  con- 
dition identical  in  morphological  character  with  that  of  primary  per- 
nicious ansemia.  As  the  first  cases  of  malaria  among  the  troops  at 
Santiago  developed  in  the  second  week  of  July,  this  patient,  dying  on 
September  10,  coiild  not  have  been  ill  longer  than  eight,  or  possibly 
nine,  weeks.  Yet  in  this  period  a  condition  of  the  blood  was  established 
indistinguishable  from  that  of  primary  pernicious  anaemia,  including 
the  abundance  of  large  megalocytes  with  excess  of  Hb.  and  the  pres- 
ence of  many  megaloblasts.  Even  the  smaller  red  cells  exhibited  an 
apparent  excess  of  Hb.  Apart  from  the  lesions  directly  referable  to  the 
growth  of  malarial  parasites,  the  changes  in  the  marrow  included  a 
well-marked  cellular  hyperplasia  affecting  principally  the  myelocytes 
and  other  small  mononuclear  cells,  and  giant  cells;  disappearance  of 
fat  cells;  increase  in  size  of  the  nucleated  red  cells,  the  majority  of 
which  were  megaloblasts;  and  disappearance  of  "islands"  of  nucleated 
red  cells. 

Casts  Y.—JEstU-o-Autmnnal  Malaria.  Mas.iing  nf  Parasites  in  Kidnciis.  Acute 
Ewmonhagic  Nephritis.  Casts  Entangling  Infected  Red  Cells  and  Pigmented 
Leucocytes  in  Discharging  Tubules.  Infection  with  a  single  very  compact  Brood 
of  Parasites. 
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M.  S.,  female,  aged  IT,  contracted  malaria  on  Long  Island,  and  aftei-  a 
short  period  of  mild  paroxysms  was  completely  prostrated  on  Sept.  12, 
1900.  On  admission  to  hospital.  Sept.  15,  the  chief  symptoms  were  pros- 
tration, restlessness,  vomiting,  and  moderate  cedema  of  legs.  Temperature 
104.2°  F.  Urine,  of  high  color,  sp.  g.  1018,  contained  many  epithelial  cells, 
detritus,  and  many  red  blood  cells.  Diazo-reaction  marked.  Widal's 
reaction  absent.  Bowels  costive.  Restlessness  and  vomiting  were  partly 
controlled  by  sedatives.  The  vomiting  of  a  round  worm  led  to  the  admin- 
istration of  three  full  doses  of  santonin  on  Sept.  19.  !Mild  delirium  devel- 
o])ed  into  coma  on  Sept.  20.  and  with  failing  pulse  and  diminished,  bloody 
urine  the  patient  died  on  Sept.  20.  There  were  two  complete  remissions 
of  fever  on  Sept.  18  and  20,  but  no  chill  occurred.  Vlinical  diaffnosis,  ty- 
phoid fever  and  acute  hsemorrhagic  nephritis. 

Autopsy. — By  Dr.  Otto  Schultze,  14  hours  after  death.  Body  well  nour- 
ished, rigor  firm,  slight  cedema  of  legs.  Heart,  luiuis,  stomach,  and  pan- 
creas normal.  There  was  one  ounce  of  straw-colored  serum  in  the  peri- 
cardium, and  a  few  ecchymoses  in  the  visceral  pleura  and  pericardium. 
Intestine,  ileum  congested,  lymph-follicles  slightly  enlarged;  colon  normal. 
Liver,  without  gross  indications  of  malarial  infection,  was  pronounced 
normal.  Brain  normal.  Spleen,  16  oz.,  firm,  dark  red,  with  prominent 
Malpighian  bodies.  Kidneys  weighed  together  16  oz.:  cortex  much  thick- 
ened, capsule  free,  markings  obscured,  color  very  light;  medulla  intensely 
congested,  in  places  rusty;  in  cortex  of  right  kidney  a  superficial  anaemic 
infarct  with  surrounding  hfemorrhagic  zone,  measuring  3  x  2%  cm.  in  area, 
and  3  mm.  in  depth. 

No  gross  evidences  of  malaria  were  detected. 

Anatomical  diagnosis. — Acute   haemorrhagic  nephritis. 

Cultures  from  liver  and  spleen  yielded  Bacillus  coli  communis,  but  no 
growth  of  Bacillus  tj-phosus  was  obtained. 

Through  a  misunderstanding  all  the  viscera  except  the  kidneys  were 
thrown  away.    The  kidneys  were  hardened  in  5  per  cent  formalin. 

Micrnxcopic  Examination  (Plate  XIII). — The  lining  cells  of  the  convoluted 
tubules  exhibited  a  very  advanced  stage  of  degeneration  of  a  peculiar 
type.  The  cells  were  greatly  swollen,  their  outlines  obliterated,  so  that  the 
distended  tubules  were  filled  with  a  coarsely  reticulated  mass  of  cell- 
detritus  in  which  pyknotic  nuclei  were  irregularly  scattered.  The  degener- 
ative process  was  principally  hydropic,  little  fat  or  stainable  protoplasm 
being  present  (Plate  XIII,  Fig.  13).  There  vyere  many  minute  foci  of 
necrosis,  especially  in  the  right  kidney.  The  infarcted  area  was  in  an 
early  stage  of  coagulative  necrosis,  and  throughout  this  area,  especially  in 
the  haemorrhagic  zone,  the  vessels  were  distended  with  blood  containing 
enormous  numbers  of  small  pigmented  parasites.  Many  small  vessels 
leading  to  the  infarct  were  distended  to  two  or  three  times  their  normal 
calibre  by  thrombi  of  infected  red  cells.  The  capsules  of  the  glomeruli 
■were  distended  with  granular  eoagulum  (Plate  XIII,  Fig.  13).  Most  of  the 
cortical  capillaries  were  collapsed  by  the  distended  tubules  and  free  from 
blood  and  parasites.  Throughout  the  medulla  were  man.y  miliary  hipmor- 
rhages,  and  most  of  the  capillaries  were  distended  with  red  cells,  must  of 
which  contained  parasites,  or  with  thrombi  of  pigmented   ])iirasites  which 
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had  nearly  destroyed  the  red  cells.  The  parasites  were  remarkably  uniform 
in  size,  being-  full  grown  ffistivo-autumnal  forms  with  abundant  pigment. 
A  very  few  rings  and  rosettes  were  seen.  The  discharging  and  many 
higher  tubules  were  distended  with  granular,  epithelial,  or  blood  casts. 
Some  of  these  casts  had  entangled  leucocytes,  often  pigmented,  and  in- 
fected red  cells,  while  some  infected  red  cells  lay  free  in  the  lowest  dis- 
charging tubules.  From  their  low  position  in  the  tubules  all  of  these 
casts  must  have  reached  the  urine  in  at  least  moderate  numbers.  The 
remarkable  massing  of  parasites  in  the  renal  capillaries  is  shown  in  the 
photographs  (Plate  XIII,  Figs.  14  and  15). 

Epiceitical: — The  absence  of  microscopic  examination  of  the  other 
viscera,  while  greatly  to  be  deplored  for  the  sake  of  completeness  in 
the  report  of  this  case,  cannot  seriously  detract  from  the  importance 
of  the  findings  in  the  kidneys.  Doubtless  there  were  many  parasites 
in  the  other  viscera,  hut  in  the  absence  of  gross  evidence  of  their  pres- 
ence it  is  safe  to  conclude  that  these  viscera  were  not  the  seat  of  any. 
special  localization  of  parasites.  This  conclusion  is  rendered  more 
trustworthy  from  the  fact  that  the  single  compact  brood  in  the  kidney 
was  composed  of  full-grown  forms  which  were  richly  pigmented. 

Moreover,  numerous  miliary  hemorrhages,  and  thrombosis  of  vessels 
with  infarction,  are  the  usual  mechanical  results  of  the  presence  of 
enormous  numbers  of  parasites  in  a  tissue,  and  the  great  extent  of  these 
lesions  in  the  kidneys  throws  this  case  in  the  same  class  with  the  coma- 
tose and  choleraic  cases,  with  localization  of  parasites  in  the  brain  and 
gastro-intestinal  mucosa  respectively.  The  extreme  degeneration  of 
the  tubule  cells  seems  in  part  referable  to  the  general  toxaemia  of  the 
disease,  but  its  extreme  degree  and  peculiar  character  were  not  seen 
in  any  other  case  of  the  series,  and  may,  with  considerable  certainty, 
be  attributed  to  the  obstruction  of  the  circulation  by  the  thrombi  of 
infected  red  cells.  Since  the  discharging  tubules  contained,  among  a 
large  number  of  casts,  some  entangling  infected  red  cells  and  pigmented 
leucocytes,  while  a  few  infected  red  cells  were  found  free  in  the  lumina 
of  the  tubules,  it  seems  possible  that  a  diagnosis  of  such  a  case  might 
bo  established  during  life  from  the  examination  of  the  urine,  which 
should  show  marked  diminution  in  quantity,  considerable  albumin  and 
blood,  many  granular,  epithelial,  some  blood  casts,  and  infected  red  cells 
and  pigmented  leucocytes,  both  free  and  adherent  to  casts. 

Case  VI. — JSstivo-Aiitiimiial  Malaria  (t).  No  Parasites  found  in  Blood.  Few 
Parasites  and  unustmlly  little  evidence  of  mala/rial  infection  found  in  the  Viscera. 

B.,  age  32.  Served  with  regiment  in  Santiago  campaign  and  contracted 
malarial  fever  in  Cuba.     Stated  that  he  had  four  attacks  in  Cuba,  marked 
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by  chills  and  fever.  The  last  and  lona^est  illness  lasted  three  weeks.  Was 
treated  always  by  quinine  w-ith  goo<\  results,  but  on  omittinir  treatment 
the  disease  promptly  relapsed.  Recently  he  had  suffered  from  mild  chills 
daily,  with  more  continued  fever.  On  Sept.  4.  the  day  of  admission,  he  had 
a  slight  chill  at  8  A.  H.  and  that  afternoon  the  temperature  was  101.6°; 
pulse,  SO. 

Physical  examination  was  negative,  the  spleen  not  being  found  notably 
enlarged.  The  patient  was  not  markedly  emaciated  or  anaemic.  All  symp- 
toms pointing  distinctly  to  malaria  the  patient  was  given  quinine,  but 
next  morning,  September  5,  he  had  another  chill  and  the  temperature  rose 
to  104°.  Quinine  was  then  increased,  and  given  subciitaneously  in  large 
doses.  On  September  S,  there  was  a  moderate  chill  and  rise  of  tempera- 
ture. The  stools  were  now  diarrhoeal,  the  abdomen  moderately  distended, 
the  skin  slightly  jaundiced,  and  a.s  the  fever  did  not  yield  to  quinine  the 
blood   was   examined. 

Blond  Exftminaiioii.  Sept.  S. — The  red  cells  showed  the  changes  of  well 
marked  secondary  chlorotic  anaemia.  The  leucocytes  were  reduced  in  num- 
bers. Xo  eosinophiles.  No  distinct  pigmented  leucocytes,  but  a  few  con- 
tained single  grains  of  pigment  apparently  malarial.  In  spite  of  prolonged 
search  no  parasites  could  be  found.  This  result  was  confirmed  by  several 
subsequent  examinations  of  the  same  and  other  specimens.  The  dissolved 
blood  in  the  proportion  of  about  1  to  10  of  water  was  mixed  with  a  broth 
culture  of  B.  typhosus,  yielding  prompt  and  typical  clumping. 

On  the  evidence  of  a  temperature  resisting  quinine,  of  typhoidal  stools 
and  abdominal  symptoms,  absence  of  parasites  from  the  blood,  and  pres- 
ence of  Widal's  reaction,  the  administration  of  quinine  was  stopped  from 
September  9  to  10  inclusive.  The  temperature  declined,  but  the  other 
symptoms  persisted  and  the  patient  grew  steadily  weaker. 

Blood  examination,  Sept.  9,  gave  the  same  result  as  before,  but  the  ^Yidal 
test  was  not  repeated.  Sept.  10,  temperature  fell  to  99.0°,  but  the  patient's 
condition  was  not  improved.  Quinine  was  again  administered  subcutane- 
ously.  Sept.  11,  abdomen  more  distended;  diarrhoea  continues;  no  eru])tion: 
patient  at  times  miklly  delirious;  pulse  very  weak.  Blood  examination, 
Sejjt.  11,  showed  no  parasites,  but  a  few  characteristic  pigmented  leuco- 
cytes were  seen.  Sept.  12,  patient  died.  The  diagnosis  was  at  this  time 
regarded  as  probablj'  typhoid  fever. 

Autopsy. — 10  hours  after  death.  Body  moderately  emaciated,  slightly 
jaundiced.  hungH,  moderately  congested  and  oedematous.  Heart,  left  ven- 
tricle slightlj'  dilated,  wall  rather  thin,  flaccid;  old  thickening  of  mitral 
and  aortic  valves.  Liver,  moderately  enlarged,  moderately  dark  brownish 
in  color,  but  not  slaty,  ffpleeii.  moderately  enlarged,  firm,  dark  red  in 
color.  Kidneys,  enlarged,  capsule  free,  surface  smooth,  cortex  tliickened, 
pale;  markings  regular  but  indistinct.  Gastro-intestinul  tract,  shows  no 
lesions  of  importance;  Peyer's  patches  are  not  enlarged  or  congested; 
mesenteric  lymph  nodes  are  not  enlarged.  The  stomach  contains  blackish 
fluid  but  there  are  no  evidences  of  gastro-duodenitis.  Hritin,  in  the  absence 
of  cerebral  symptoms,  was  not  examined.  Marrow,  hyperaemic,  but  shows 
no  gross  indications  of  malarial  infection.  Blood,  moderately  anaemic,  but 
not  otherwise  changed  in  color. 
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Microscopic  Examinatimi. — Spleen  shows  the  usual  changes  of  acute  ma- 
larial infection.  The  deposit  of  pigment,  although  considerable,  is  much 
less  than  usual  in  fatal  cases  of  malaria.  Smears  of  the  splenic  pulp  made 
at  the  autopsy  showed  the  presence  of  a  very  few  ring-shaped  parasites 
in  red  cells.  The  pigmented  leucocytes  and  endothelial  cells  are  of  the 
usual  character  in  acute  malarial  infection. 

Liver. — The  deposit  of  pigment  is  rather  less  abundant  than  in  the  spleen 
and  is  limited  to  the  leucocytes  and  endothelial  cells.  The  liver  cells  show 
destruction  of  chromatic  network,  and  a  moderate  deposit  of  greenish 
granules;  some  contain  fat  globules.  In  the  smears  from  the  liver,  no 
parasites  could  be  identified,  but  some  atypical  intracellular  pigmented 
spheroidal  bodies  were  noted  which  may  have   been  malarial  parasites. 

Man'Oir. — The  deposit  of  pigment  is  scanty.  Fat  cells  are  moderately 
abundant  in  the  ribs,  but  the  evidences  of  cellular  hyperplasia  are  distinct. 
In  the  smears  some  typical  macrophages  englobing  parasites  in  all  stages 
of  digestion,  are  found.  A  few  infected  red  cells  are  seen.  The  nucleated 
red  cells,  eosins,  and  giant  cells,  are  deficient  in  number. 

In  the  other  viscera  the  deposit  of  pigment  was  much  less  abundant 
than  in  most  cases  of  fatal  malaria,  and  no  parasites  could  be  found. 

Epiceitical: — While  the  data  iu  this  ease  must  be  regarded  as  incon- 
clusive in  important  respects,  the  facts  demonstrated  render  the  case 
one  of  unusual  interest  and  obscurity. 

The  most  important  feature  is  the  absence  of  parasites  from  the 
blood,  as  repeatedly  demonstrated,  in  a  patient  who  nevertheless  died 
with  a  typical  temperature  curve  of  fatal  sestivo-autumnal  malaria. 
The  absence  of  parasites  in  this  instance  is  not  fully  explained  by  the 
previous  treatment  -nith  quinine,  as  in  all  other  cases  of  my  series  in 
which  all  parasites  disappeared  promptly  after  quinine,  the  patient 
improved.  Moreover,  it  is  an  almost  invariable  experience  that  cases 
of  malaria  that  die  without  parasites  demonstrable  in  the  blood  are 
more  chronic  cases  complicated  by  severe  anjemia  or  cachexia.  All  the 
other  fatal  cases  of  acute  malaria  seen  at  Montauk  showed  many  para- 
sites in  the  blood  at  death,  although  many  of  them  had  been  treated 
with  very  large  subcutaneous  injections  of  quinine  for  as  long  a  period 
as  in  the  present  case.  Accordingly  the  absence  of  parasites  from  the 
blood,  under  the  conditions  existing,  at  once  raised  a  doubt  regarding 
the  nature  of  the  disease. 

The  possible  existence  of  typhoid  fever  was  completely  set  aside  by 
the  autopsy,  unless  one  assumes  an  infection  by  B.  typhosus  without 
intestinal  lesions. 

Both  the  gross  and  the  microscopic  examinations  of  the  viscera, 
however,  as  well  as  the  clinical  history,  indicate  as  the  cause  of  death 
an  acute  malarial  infection  in  the  fourth  or  fifth  relapse,  proving  fatal 
10 
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with  very  few  parasites  in  the  blood,  which  disapijearod  promptly  on 
the  administration  of  quinine.  The  present  case  therefore  seems  to 
fall  properly  in  a  rare  and  obscure  class  described  by  Marchiafava, 
Bignami,  and  Bastianelli  "  (1894),  in  which  few  parasites  were  found 
in  the  blood  during  an  acute  fatal  attack  of  malaria,  and  in  which  no 
distinct  gross  signs  of  malarial  infection  were  found  at  autopsy,  the 
diagnosis  requiring  a  microscopic  examination  of  the  viscera. 

These  cases  occurred  in  July  or  late  in  the  summer.  They  usually  pre- 
sented the  rather  typical  clinical  symptoms  of  pernicious  malaria,  espe- 
cially the  cerebral  sj'mptoms.  On  examination  of  the  blood,  however,  even 
early  in  the  disease,  very  few  parasites  (one  or  two  in  a  single  slide)  or, 
later,  none  at  all,  were  to  be  found,  while  the  viscera  showed  no  distinct 
gross  lesions  of  a  previous  severe  malarial  infection.  On  microscopic  ex- 
amination of  the  viscera,  pigment  deposits  were  unusually  scanty  and  few 
or  no   parasites  were  found. 

These  cases,  according  to  the  authors,  are  not  to  be  classed  with  those 
in  which  the  parasites  gradually  disappear  in  severe  acute  infections,  none 
being  found  in  the  finger  blood  at  death  although  the  viscera  exhibit  abun- 
dant evidence  of  malarial  infection;  nor  yet  with  those  in  which  the  para- 
sites disappear  after  a  long  infection  has  spent  itself.  They  believe  that 
the  fatal  issue  is  rather  to  be  referred  to  general  debility  of  the  i^atient, 
or  to  an  unusually  virulent  infection,  or  to  an  occasional  combination  with 
sunstroke. 

In  my  case  the  patient  had  not  suffered  from  the  campaign  more 
than  had  many  other.-;,  and  although  he  had  undoubtedly  been  living 
under  very  unfavorable  conditions,  this  fact,  though  important,  seems 
iiif'iifficient  of  itself  to  explain  the  unusual  features  of  the  disease. 
Neither  was  there  any  indication  that  the  patient  suffered  unusually 
from  the  heat  which  prevailed  at  that  time,  even  at  Camp  WikolT. 
Finally,  a  virulent  malarial  infection  usually  produces  very  large  num- 
bers of  parasites,  severe  ansemia,  and  heavy  deposits  of  pigment,  all  of 
which  were  absent,  at  least  in  the  fatal  attack. 

If  the  present  case  is  to  be  accepted  as  one  of  pernicious  malaria, 
and  it  is  essentially  similar  to  those  of  the  Italian  authors,  the  conclu- 
sions must  then  be  drawn  that  ffistivo-autumnal  malaria  may  pass 
through  four  or  five  relapses  without  leaving  marked  deposits  of  pig- 
ment in  the  viscera  and  may  end  in  a  fatal  attack  in  which  very  few 
parasites,  wliich  soon  disappear  under  quinine,  are  to  be  found  in  the 
blcod  or  viscera. 

After  referring  to   their  own   cases   of   this   cliaractn-   Maiiliiafava 
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and  Bignami  take  pains  to  state  that  after  j"ears  of  experience  they 
believe  that  fatal  malaria  does  not  exist  without  parasites  in  the  finger 
blood.  The  present  case  cannot  be  regarded  as  an  exception  to  this 
rigid  rule,  and  I  would  particularlj-  point  out  the  fact  that  the  patient's 
blood  was  not  examined  until  73  hours  after  the  beginning  of  treat- 
ment by  subcutaneous  injections  of  quinine. 

Case  VII. — Fatal  Malaria  from  Infection  with  Large  Tertian  Para.'iite  (Goliji). 
Extreme  Anwmia.  Prolonged  Coma  icitliout  Parasites  in  Brain.  Catarrhal 
Colitis.    Hwmoglohinuric  Malarial  Fever. 

G.  F.,  ag-ed  :;2,  private,  V.  S.  Army,  contracted  malarial  fever  at  Santiago 
in  July.  1898,  and  had  had  repeated  relapses  with  short  intervals  of  im- 
provement, Avhen  he  had  felt  able  to  retiirn  to  duty.  Had  often  experienced 
severe  shaking-  chills  at  somewhat  irregnlar  intervals.  Had  steadily  lost 
flesh  and  become  very  anemic.  About  Sept.  11,  was  again  prostrated  with 
severe  chills  and  fever  which  failed  to  respond  to  quinine  administered 
b\-  the  mouth  or  subcutaneously.  On  admission  to  General  Hospital  at 
Camp  Wikoff,  Sept.  13.  the  patient  was  comatose,  and  remained  so  until 
death  at  3  A.  M.,  Sept.  IG.  When  seen  by  me,  Sept.  15,  the  patient  was 
comatose  and  moribund.  The  foregoing  items  of  hi.story  were  obtained 
from  Dr.  S.  W.  Allen,  of  Boston,  who  had  seen  the  patient  on  admission, 
and  to  whom  I  am  indebted  for  the  opportunity  of  studying  the  case. 

Autopsy. — S  hours  after  death.  Body  much  emaciated,  excessively  anae- 
mic, and  slightly  jaundiced.  Chocolate-colored  fluid  exudes  from  mouth. 
Lungs,  anterior  portions  anfemic,  posterior  much  congested,  moderately 
oedematous,  and  unusually  dark  in  color.  Heart  muscle  very  flabby,  of 
pale  brownish  ting-e;  valves  normal.  Blood,  very  watery,  of  slightly  brown- 
ish tinge,  coagulating  feebly.  Liver,  not  distinctly  enlarged:  of  slaty  color 
but  not  extremely  dark:  outlines  of  lobules  very  indistinct:  gall-bladder 
distended  with  bile.  Spleen,  greatly  enlarged,  soft,  but  not  diffluent:  of 
tj-pical  chocolate  brown  color.  Pancreas,  small,  dark  salmon  in  color,  rather 
soft.  Kidneys,  slightly  enlarged,  surface  smooth,  cortex  thick,  deej^  red.  in 
places  rusty,  markings  indistinct:  organ  very  greatly  congested.  Stomach, 
partly  digested  in  places,  contains  some  dark  bloody  fluid.  Small  intestine, 
exhibits  no  abnormalities.  Colon,  lower  third  the  seat  of  an  intense  catar- 
rhal inflammation  with  superficial  erosions,  and  swelling  of  solitary  folli- 
cles. Mesenteric  lymph-nodes  are  not  enlarged.  Serous  membranes,  slightly 
darkened  and  jaundiced,  and  contain  slig-ht  serous  effusions.  Mnrroic,  very 
hypera?mic,  of  chocolate  brown  color,  lirain.  white  matter  perhaps  slightly 
darker  than  usual:  dura  and  pia  yellowish;  no  effusions,  no  petechije.  Spe- 
cimens preserved  in  5%   formalin. 

Microscopic  Emminat ion.— Blood,  Sept.  1.5.  Smears  contain  a  very  large 
number  of  tertian  parasites  in  all  stages  of  development.  These  parasites 
are  of  large  size,  richly  pigmented,  except  in  the  very  young  forms;  their 
nuclei  fail  to  stain  by  methylene  blue,  and  the  infected  cells  are  much 
swollen  and  distinctly  pale.  A  prolonp-ed  search,  repeated  on  several  sub- 
sequent occasions,  failed  to  show  the  presence  of  any  bodies  that  could  be 
classed  \vith  the  aestivo-autumnal  parasite.  All  the  ring  forms  were  coarse, 
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usually  pigmented,  with  a  large  achromatic  spot  (methylene  blue),  and  the 
infected  cells  were  swollen. 

The  red  cells  show  the  changes  of  a  severe  secondary  chlorotic  anseniia. 
There  was  no  leucocytosis,  but  the  eosinophile  cells  are  not  relatively  num- 
erous.    A  moderate  number  of  pigmented  leucocytes  were  seen. 

At  the  autopsy,  smears  upon  glass  slides  were  made  from  the  expressed 
marrow  of  the  ribs,  and  from  the  splenic  pulp. 

Sme'irs  from  the  marrow  contained  an  abundance  oif  pigrniented  cells.  The 
pigment  is  usually  darker  and  finer  than  that  seen  in  a?stivo-autumnal  in- 
fections. 'When  occurring  in  clumps,  the  clumps  are  rather  more  compact, 
but  most  of  the  phagocytic  cells  contain  more  diffusely  scattered  pigment 
grains  than  are  seen  in  sestivo-autumnal  cases.  Many  rods  and  clumps, 
however,  are  indistinguishable  from  the  aestivo-autumnal  pigment.  Vex*y 
few  infected  red  cells  could  be  found,  but  there  were  a  few  small  pig- 
mented intracellular  bodies  staining  faintly  with  methylene  blue.  Nucle- 
ated red  cells,  eosinophile  cells,  and  giant-cells  are  distinctl}'  deficient. 

Smears  from,  the  spleen  contain  a  great  number  of  pigmented  cells  similar 
to  those  of  the  marrow.  There  are  a  large  number  of  distinctly  stained 
pigmented  parasites  of  considerable  size.  Very  few  or  none  of  the  younger 
parasites  seen  in  the  blood  could  be  identified  in  these  smears.  >'o  vacuo- 
lated parasites  could  be  found,  but  there  was  a  considerable  variety  of 
small,  vacuolated  leucocytes,  many  of  which  were  pigmented  (Plate  XI. 
Fig.   8). 

Spleen. — There  is  extreme  pigmentation  of  all  the  larger  cells,  the  pig- 
ment showing  the  same  characteristics  as  in  the  marrow  and  liver.  No 
parasites  could  be  identified.  There  is  a  well-marked  cellular  hyperplasia 
of  the  pulp  tissue;  the  large  and  small  sinuses  are  choked  with  pigmenti- 
ferous  and  other  cells:  the  Malpighian  bodies  are  reduced  in  size,  and  the 
blood  content  of  the  organ  is  increased. 

Abdominal  lymph  nodes  show  moderate  hyperplasia,  slight  pigmentation 
of  endothelial  cells,  many  mast-cells,  but  no  parasites. 

itarrmc  (rib). — The  pigment  deposit  is  very  heavy,  but  few  parasites 
could  be  identified.  The  cellular  elements  are  very  abundant  and  in  places 
there  seems  to  be  some  proliferation.  There  arc  marked  congestion  of  all 
vessels  and  a  few  small  haemorrhages. 

Liirr. — There  is  extreme  pigmentation  of  endothelial  cells,  macrophages, 
and  leucocytes,  but  the  parenchyma  cells  are  almost  entirely  free  from 
brownish  pigment.  The  deposit  of  pigment  in  the  former  cells  differs  from 
that  seen  in  sestivo-autumnal  cases,  in  being  finer  and  more  diffuse  (Plate 
X,  Fig.  .3).  Although  there  are  many  cellular  inclusions  in  the  phagocytes, 
no  parasites  could  be  positively  identified.  The  liver  cells  are  not  fatty, 
but  the  chromatic  reticulum  is  faint  and  irregular,  and  many  cells  ci>n- 
tain  coarse  greenish  grannies.  A  few  small  foci  of  necrosis  were  found, 
in  the  neighborhood  of  which  dilated  capillaries  filled  with  large  phago- 
cytic  cells   were   sometimes   noted. 

Kidney. — The  blood  content  of  the  organ  is  enormously  increased.  .\11 
the  large  vessels  are  gorged  with  blood,  the  intertubular  capillaries  in 
numerous  small  areas  are  greatly  dilated  and  distended  with  blood.  The 
capillary  walls  arc  usually  intact,  but  in  many  places  there  are  small 
hff-morrhages    into    the    tubules.     Everywhere,    especially    in    the    medium- 
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sized  and  larger  vessels,  there  are  peculiar  collections  of  pigment  to  be 
described  later.     The  quantity  of  ordinary  malarial  pigment  is  not  large. 

The  cells  of  the  convoluted  tubules  show  advanced  stages  of  degeneration. 
In  the  less  congested  areas  the  cells  are  moderately  eroded,  and  contain  a 
large  deposit  of  fine  yellowish  granules  of  hsemosiderin.  Near  the  hsemor- 
rhages  and  between  markedly  dilated  capillaries,  the  tubule  cells  are  often 
necrotic,  the  nuclei  fail  to  stain,  and  the  protoplasm  is  broken  up  into 
shiny  opaque  globules  staining  with  eosin.  Sometimes  the  entire  cellular 
lining  is  fused  into  a  homogeneous  opaque  mass  entirely  detached  from 
the  membrana  propria.  In  some  lining  cells  and  in  .some  tubules  there  are 
a  few  pigmented  parasites,  which  are  also  to  be  seen  in  the  capillaries. 

Lunys. — All  capillaries  contain  an  enormous  quantity  of  granular  and 
crystalline  pigment  in  leucocytes,  endothelial  and  epithelial  cells,  and  free 
in  the  vessels.     No  parasites  were  identified. 

fstotmich  and  small  intestine,  negative.  The  inflamed  colon  shows  intense 
congestion  of  mucosa,  exfoliation  of  epithelial  lining  in  places,  moderate 
pigmentation  of  leucocytes  and  of  endothelial  cells.  No  malarial  parasites 
identified  and  no  Amcebse  dj'senteriae  found. 

Heart  muscle. — In  the  capillaries  of  the  heart  muscle  there  are  a  good 
manj'  richly  pigmented  lexicocjtes,  considerable  deposits  of  crystalline  pig- 
ment, but  very  few  parasites  could  be  found,  either  in  the  red  cells  or 
leucocytes,  or  in  the  plasma.  There  is  considerable  artificial  separation 
of  muscle  cells  in  some  places,  but  the  tissue  shows  no  evidence  of  inflam- 
mation nor  the  cells  any  marked  signs  of  degeneration.  Many  of  them 
show  a  deposit  of  greenish  granules  about  the  nucleus.  There  are  a  great 
many  huge  mast-cells  in  the  endomysium. 

Brain. — Throughout  the  cortex,  medulla,  and  cerebellum,  there  is  the 
usual  hypereemia,  but  the  great  majority  of  all  vessels  are  entirely  free 
from  pigment  and  parasites.  In  a  good  many  capillaries  an  isolated,  pig- 
mented, intracellular  spheroidal  body  is  found,  of  slightly  larger  size  than 
those  seen  in  sestivo-autumnal  cases.  The  pigment  in  these  bodies  usually 
appears  in  coarse  dark  grains.  In  a  very  few  capillaries,  there  are  masses 
composed  of  a  few  pigmented  spheroidal  parasites,  jjigmented  leucocytes 
and  swollen  pigmented  endothelial  cells,  capable  of  partly  obstructing  the 
circulation  in  the  capillary,  but  these  obstructed  vessels  are  so  scarce  that 
it  seems  hardly  possible  to  refer  the  cerebral  symptoms  to  this  condition. 

There  is  a  uniform  reduction  in  the  size  and  number  of  chromatic  bodies 
in  the  ganglion  cells  and  considerable  post-mortem  clouding. 

Epiceitical: — While  the  statement  of  Italian  authorities  has  long 
held  true  that  no  autopsy  has  been  reported  in  a  case  of  malaria  with 
infection  by  the  large  tertian  parasite,  as  the  infection  is  never  fatal, 
the  present  case  requires  a  modification  of  this  view,  offering  an 
instance  of  fatal  uncomplicated  malaria  with  infection  by  the  large, 
and  so-called  "  benign  "  tertian  parasite,  demonstrated  in  the  blood 
during  life  in  large  numbers  and  without  admixture  with  other  varie- 
ties, and  indicated  further  by  the  somewhat  peculiar  character  of  the 
pigment  deposits  in  the  viscera 


144  Pathological  Anatomy  of  Malarial  Fever 

The  above  claim  of  the  Italian  observers,  although  based  on  a  very 
wide  knowledge  and  experience,  must  be  regarded  as  too  sweeping, 
since  almost  any  condition  may  occasionally  prove  fatal  through  acci- 
dental complications.  Thus.  Barker "  has  reported  a  case  of  tertian 
malaria  with  autopsy,  in  which  death  was  referable  to  general  infection 
with  Streptococcus  pyogenes. 

In  another  case  seen  by  me  at  Montauk,  death  occurred  in  the  third 
relapse  when  the  blood  contained  a  great  many  large  tertian  parasites, 
and  no  other  organisms  were  found  after  repeated  and  prolonged 
examinations.  Death  in  this  case  was  undoubtedly  duo  to  the  growth 
of  this  usiially  benign  parasite,  but  in  a  subsequent  review  of  one  of 
the  specimens,  a  single  crescent  was  encountered,  necessarily  throwing 
the  case  in  the  class  of  double  infections,  according  to  the  present 
theory  of  malarial  species,  but  not  seriously  vitiating  its  value  as  a 
proof  that  the  large  tertian  parasite  is  occasionally  malignant. 

The  severity  of  the  anaemia  in  the  present  case  also  deserves  men- 
tion, in  view  of  the  general  rule  that  the  large  tertian  parasite  is  less 
active  in  impoverishing  the  blood  than  the  malignant  tertian.  Although 
the  Hb.  was  not  estimated  nor  the  cells  counted,  the  pallor  of  the 
patient,  the  anjemia  of  the  viscera,  and  the  watery  condition  of  the 
blood  in  the  large  vessels  indicated  a  state  of  anasmia  which  was  not 
exceeded  in  any  other  case  of  the  series. 

The  prolonged  coma,  with  very  few  parasites  and  very  little  pigment 
in  the  brain,  classes  this  case  with  others  which  indicate  that  pro- 
found cerebral  disturbance  in  acute  malaria  is  not  necessarily  con- 
nected with  the  localization  of  parasites  or  jiigment  in  the  cerebral 
capillaries. 

The  catarrhal  colitis  and  its  cause  are  a  fealurt'  of  interest  in  this 
case.  The  microscopic  examination  failed  to  reveal  any  evidence  that 
the  malarial  infection  was  directly  concerned  in  this  lesion,  as  few 
parasites  and  little  pigment  were  found  in  the  wall  of  the  colon. 

The  character  of  the  pigment  in  the  case  deserves  special  attention. 
As  already  mentioned,  its  occurrence  in  finer  and  darker  grains  more 
diffusely  scattered  throughout  most  phagocytes,  especially  in  the  he- 
patic endothelium,  appears  as  a  feature  which  may  serve  to  distinguish 
the  de])osits  of  tertian  from  those  of  most  a^stivo-autumnal  infections. 
Throughout  the  viscera,  in  the  small  and  medium-sized  vessels  and  in 
some  capillaries  there  were  de])osits  of  a  peculiar  form  of  pigment 
sonicwliat   similar  in  enlnr  to,  but  di(T(M'i'ni   in   form   from,  that  elabor- 

II  Op.  cit. 
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ated  by  the  malarial  parasite.  Sections  of  some  of  the  injected  vessels 
appeared  almost  black  from  deposits  of  this  material.  On  examina- 
tion this  pigment  apj)eared  in  the  form  of  fine  or  coarse  grains,  or 
short  rods,  or  short  aeicular  crystals  of  dark  brown  color.  It  was 
usiially  attached  to  the  surface  of  the  red  cells,  but  much  was  free  in 
the  plasma.  Various  stages  of  its  formation  could  be  followed  in  the 
blood  vessels  of  the  kidney,  pia  mater,  and  heart-muscle.  In  the  earli- 
est stage  noted  the  red  cells  were  found  to  be  fringed  with  a  row  of 
small  dark  granules,  while  the  body  of  the  cell  exhibited  a  faint  yellow- 
ish-brown tinge.  This  appearance  was  often  limited  to  the  central 
portions  of  the  mass  of  blood  in  the  vessels,  while  adherent  to  the  walls 
were  leticocytes  containing  malarial  pigment  of  the  ordinary  character 
(Plate  XII,  Fig.  11). 

When  more  abtindant,  the  pigment  grains  were  usually  of  larger 
size  and  in  quantity  suiBcient  to  fill  the  interspace^  between  the  red 
cells.  In  this  case  the  section  of  the  injected  vessel  sometimes  ap- 
peared opaque  and  brownish.  Usually  the  deposit  was  very  abundant 
and  the  red  cells  were  covered  with  rod-shaped  granules  or  short  aeicu- 
lar crystals  Ipng  in  or  on  the  cell,  or  in  the  plasma  (Plate  XII,  Fig.  12). 
Such  cells  sometimes  exhibited  a  diffuse  dark-brown  color.  Eadiating 
groups  of  finer  aeicular  crystals  were  commonly  found  in  the  richer 
deposits.  In  the  kidney  and  heart  muscle  many  arterioles  were  almost 
black  with  the  deposits.  No  parasites  were  found  in  any  of  the  red 
cells  affected  by  the  process.  The  bodies  of  the  leucoc)i:es  were  usually 
free  from  pigment  grains  of  this  character,  but  many  were  surrounded 
by  numerous  crystals,  especially  in  the  capillaries. 

The  distribution  of  the  deposits  was  peculiar.  They  were  found 
most  abundantly  in  the  heart  muscle  and  kidney;  the  earlier  stages 
were  noted  in  the  lungs,  pia  mater,  and  abdominal  fat  and  lymph 
nodes;  a  few  crystals  were  seen  in  the  marrow;  while  the  liver  and 
spleen,  containing  an  unusual  quantity  of  ordinary  malarial  pigment, 
failed  to  show  any  trace  of  this  crystalline  variety. 

These  extensive  deposits  of  pigment  which  were  found  in  nearly 
all  parts  of  the  general  circulation  seem,  without  doubt,  to  be  referable 
to  a  greatly  increased  globulicidal  action  of  the  plasma,  and  taken  in 
connection  with  the  renal  lesions,  indicate  that  the  patient  was  suffer- 
ing from  that  extreme  form  of  destruction  of  blood  which  character- 
izes haemoglobinuric  malarial  fever. 

Case  "\in. — .Sstiio-Aiitumnal  Malaria.  Amoebic  Colitis.  Extreme  Malarial 
Infection.  Absence  of  Pigment  and  Parasites  from  the  Wall  of  the  Colon.  Ex- 
tensive Growth  of  AmcelxE. 
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.7..  aged  21,  private.  U.  S.  Army.  When  received  at  the  General  Hospital, 
Sept.  9.  on  his  return  from  Sautiagfo,  the  patient  was  too  ill  to  give  an 
account  of  himself.  He  was  then  in  a  typhoid  state,  extremely  emaciated, 
with  incontinence  of  fseces,  and  mild  delirium.  Temi^erature  103°,  pulse 
feeble.  The  temperature  fell  to  97°  in  the  course  of  48  hours,  but  the 
patient  showed  no  tendency  to  improve.  He  was  given  moderate  doses  of 
quinine  by  mouth,  and  the  diarrhoea  was  imperfectly  controlled  by  astrin- 
gents.    The  condition  was  at  all  times  hopeless  and  he  died  Sept.  19. 

Autopsy. — Two  hours  after  death.  Body  extremely  emaciated  and  an;e- 
niic.  Lungs,  show  areas  of  cedema  and  hepatization.  Hvttrt.  no  gross 
changes,  hirer,  not  enlarged;  color  very  dark  brownish,  slaty;  outlines  of 
lobtiles  indistinct;  gall-bladder  distended  with  bile.  Spleen,  very  large, 
rather  firm,  of  very  dark  chocolate  color.  Stoitiach,  small,  contracted. 
.^rnall  intestine,  negative.  Colon,  lower  third  the  seat  of  numerous  ulcers 
of  moderately  large  dimensions;  bases  and  edges  necrotic  and  undermined, 
covered  with  bloodj-  necrotic  material;  vicinitj'  in  some  areas  covered  with 
fibrin.  Fseces  greenish  gray  in  color;  semi-solid;  contain  little  mucvis;  mi- 
croscopically, they  contain  a  little  pus  and  epithelium,  many  bacteria, 
many  fat  crystals,  no  pigmented  leucocytes,  a  little  food  detritus.  No 
amoebje  could  be  found.  Mesenteric  lymph  nodes,  much  enlarged.  hypera?mic, 
very  slightly  pigmented.  Marrotr,  hypersemic,  of  chocolate  tinge.  Blooil, 
watery:  shows  a  chocolate  tinge. 

M icroscopic  Examinatwn. — Spleen.  Shows  the  usual  lesions  of  active  ma- 
laria. 

Lirer. — There  are  advanced  degenerative  changes  in  the  liver  cells.  The 
deposit  of  pigment  in  various  cells  is  extremely  abundant.  -V  moderate 
number  of  pigmented  spheroidal  parasites  in  the  red  cells,  free  in  the 
capillaries,  and  englobed   in  macrophages  were   identified. 

Miirroic. — In  the  marrow  of  the  ribs  there  is  an  abundant  deposit  of  fresh 
pigment  and  several  pigmented  parasites  were  identified.  Nucleated  red 
cells,  eosins,  and  giant-cells,  are  deficient. 

Blood. — At  autopsy  found  to  contain  a  moderate  number  of  ring-shaped 
aestivo-autumnal  parasites.  Red  cells  showed  the  chaBges  of  severe  chlo- 
rotic   anaemia.     There  was   a   moderate   polynuclear   leucocytosis. 

Colon. — The  ulcers  extend  through  the  mucosa,  often  to  the  rauscularis, 
and  are  floored  by  a  partly  necrotic  tissue  infiltrated  with  jius  and  blood. 
Muscularis  is  often  infiltrated  with  rows  of  large  round  cells.  There  is 
very  little  attempt  at  healing,  and  the  process  seems  everywhere  to  be 
advancing. 

Amoeba  dysenteriae  is  found  in  considerable  numbers  in  the  submuoosa. 
The  amoeba?  are  most  abundant  beyond  the  edges  of  the  inflamed  areas, 
groups  of  them  being  found  where  there  are  no  signs  of  exudative  inflani- 
niation.  In  the  bases  of  the  ulcers  and  in  the  necrosing  pgrtions  they  are 
absent  or  very  scarce.  Evidences  of  the  malarial  infection  here  are  very 
scanty,  most  of  the  vessels  being  entirely  free  from  parasites  and  pigment. 
Uiirely  an  isolated  slightly  pigmented  leucocyte  is  encountered,  but  no 
parasites  could  be  found. 

There  is  an  extensive  growth  of  bacilli,  apparently  post-mortem,  in  unci 
on  the  ulcerating  areas.  No  cocci  could  be  found  in  the  sections.  The 
complete  preservation   of  the  amoeba-,  and   the   absence   of   post-morten» 
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changes  beyond  the  walls  of  the  ulcers,  as  well  as  the  absence  of  pigment, 
precludes  the  possibility  that  malarial  parasites  could  have  been  present 
ju  the  ulcers  during  life  and  disappeared  very  shortly  after  death  (2  hours). 

Epickitical: — The  present  eaSe  illustrates  a  condition  rather  com- 
monly encountered  among  the  sick  at  Camp  Wikoff  on  their  arrival 
from  Santiago.  In  the  present  instance  the  two  protozoan  infections 
appear  to  have  limited  themselves  strictly  to  their  natural  situations 
and  to  have  had  little  influence  upon  each  other. 

The  wall  of  the  colon  contained  large  numbers  of  amcehsB,  while 
exhibiting  almost  no  indications  whatever  of  the  coincident  malaria. 
The  liver,  spleen,  marrow,  and  peripheral  blood,  on  the  other  hand, 
showed  the  changes  referable  to  an  extreme  malarial  infection  quite 
as  severe  as  that  demonstrated  in  some  cases  of  fatal  uncomplicated 
malaria.  If  there  is  any  special  tendency  of  an  inflamed  and  ulcerated 
colon  to  gather  malarial  parasites  or  pigment  from  the  blood,  it  failed 
entirely  to  show  itself  in  this  case. 

It  may  be  specially  noted  that  while  amoebae  were  very  abundant  in 
the  wall  of  the  colon,  none  whatever  w  ere  found  in  the  fseces  although 
they  were  carefully  examined  under  favorable  conditions  at  the  autopsy. 
It  should  be  said  that  there  was  very  scant  mucus,  though  considerable 
bloody  necrotic  material  attached  to  the  fiecal  matter. 

Case  IX. — Tertian  Malaria.  Chronic  Endocarditis.  Disposition  of  piyincnt 
three  months  after  suhsidence  of  the  active  -infection. 

J.  H.,  aged  4S  years.  Had  suffered  considerably  for  two  years  past  from 
dyspnoea  on  exertion,  palpitation,  attacks  of  bronchitis,  and  transitory 
oedema  of  extremities.  In  June  1S9T  he  had  a  sharp  attack  of  chills  and 
fever,  but  recovered  under  quinine.  These  attacks  were  repeated  at  inter- 
vals during  the  summer  but  no  acute  attacks  occurred  during  the  winter  of 
1S97-9S.  In  June,  1S9S.  the  attacks  recurred  and  the  patient  was  admitted 
to  hospital  in  a  very  debilitated  condition.  The  spleen  was  much  enlarged, 
the  anaemia  marked,  and  many  tertian  parasites  were  found  in  the  blood. 
The  last  acute  attack  occurred  early  in  July,  1S98.  Quinine  was  admin- 
istered constantly  and  no  further  relapses  occurred.  Meanwhile  the  symp- 
toms of  endocarditis  had  steadily  progressed  and  on  October  11,  the  patient 
died. 

Autopsi/. — One  hour  after  death,  by  Dr.  John  H.  Larkin.  to  whom  I  am 
indebted  for  the  material  from  the  case. 

Heart,  much  enlarged,  chambers  dilated,  and  the  mitral  and  aortic  valves 
markedly  stenosed.  Lungs,  very  emphysematous.  Liver  showed  chronic 
congestion  and  fatty  degeneration,  but  no  gross  indications  of  malarial 
infection.  Spleen,  much  enlarged,  firm,  and  unusually  dark  in  color. 
Ki<lneu-9,  the  seat  of  chronic  congestion  and  slight  chronic  diffuse  nephritis. 

Microscopic  E.ramination. — .v/i/rf/i.     The  Spleen  shows  moderate  evidences  of 
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chronic  congestion,  in  the  widening'  of  the  pulp  sinuses.  The  Malpigliian 
bodies  are  distinctly  outlined.  Most  of  the  pignient  is  gathered  in  large 
conglomerate  masses  of  dark  coarse  grains  Ijing  in  and  distending  the 
endothelial  cells  and  macrojihages  about  the  Malpighian  bodies,  or  in  the 
walls  of  the  splenic  arterioles,  or  in  the  septa  and  walls  of  the  veins  (Plate 
XV,  Fig.  18).  A  moderate  number  of  endothelial  cells  and  macrophages 
in  the  pulp  tissue  contain  a  scanty  deposit  of  j'ellowish  discrete  grains. 
The  red  cells  in  both  liver  and  spleen  are  well  preserved,  and  some  contain 
pigment  grains  and  bluish  stained  spheroidal  bodies  which  cannot  be  cer- 
tainly identified  as  malarial  parasites. 

Lhvr. — There  are  well-marked  lesions  of  chronic  congestion  with  dilatation 
of  the  capillaries  in  the  centres  of  lobules,  with  atrophy  of  the  adjoining 
cells,  and  fatty  degeneration  of  central  and  peripheral  cells.  Most  of  the 
pigment  is  collected  in  very  large  intracellular  mas.ses  either  in  the  portal 
canals  or  in  the  centres  of  lobules  (Plate  XV,  Fig.  19).  A  few  endothelial 
cells  throughout  most  lobules  contain  scattered  grains  of  apparently  fresh 
pigment.  The  liver  cells  appear  to  be  entirely  free  from  malarial  pigment 
which  is  confined  to  the  endothelial  cells  and  large  macrophages  lying  loose 
in  the  capillaries,  or  between  the  connective-tissue  fibres  of  the  portal 
canals.  The  pigment  grains  are  tisually  coarse,  dark,  and  thicklj'  con- 
glomei-ate,  but  less  often  are  small,  yellowish  and  discrete. 

Miirriiw. — A  few  endothelial  cells  containing  coarse  black  pigment  grains 
were  found. 

Liint/s. — Anj-  malarial  pigment  present  could  not  be  distinguished  from  the 
anthracotic  pigment  of  the  septa  and  the  fresh  blood  detritus  in  the  epi- 
thelium of  the  vesicles,  belonging  to  the  chronic  congestion  of  the  organ. 

Epicritical: — The  jjreseut  case  is  reported  to  illustrate  the  condi- 
tion of  the  malarial  pigment  three  months  after  the  subsidence  of  the 
acute  infection.  It  will  be  seen  that  this  period  had  suiEced  to  remove 
the  traces  of  malarial  infection  from  most  of  the  viscera,  while  in  the 
chief  depots  of  pigment,  the  spleen  and  liver,  the  pigment  had  been 
largely  transferred  from  the  parenchyma  to  the  connective  tissue  struc- 
tures, giving  sections  of  these  organs  a  very  eharacleristic  appoarance 
(Plate  XV,  Rgs.  18  and  19). 

It  is  to  be  noted  that  the  above  period  was  not  sutTicient  to  enable 
all  the  endothelial  cells  of  the  liver  and  spleen  to  become  entirely  free 
from  pigment,  some  of  them  still  presenting  the  usual  appearance  of 
the  phagocytes  of  acute  malarial  infection.  It  is  possible,  however, 
that  these  cells  were  further  signs  of  a  partly-suppressed  growth  of  the 
parasite,  uncertain  indications  of  which  were  also  noted  in  the  pres- 
ence of  bluish-staining  pigmented  bodies  found  iii  a  few  red  cells.  In 
appearance  the  old  pigment  was  considerably  bhuki  r  Ihan  the  fresh 
deposits.  It  was  usually  galhered  in  iiinn"  cuiniiart,  and  somowliat 
larger  spheroidal  masses.     About  the  clumps  (lie  outlines  of  an  enclos- 
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ing  cell,  often  enormoush'  distended,  could  nearly  always  be  discovered, 
but  some  of  the  pigment  appeared  to  be  lying  free  in  the  lymphatic 
spaces  of  the  connective  tissue. 

Most  forms  of  pigment  deposited  in  tissues  undergo  gradual  solution 
in  their  inclosing  cells,  yielding,  in  the  case  of  iron-holding  pigment, 
a  diffuse  reaction  of  heemosiderin  (Ziegler,  Thoma,  Neelsen).  When 
submitted  to  the  test  for  haemosiderin,  the  cells  in  the  neighborhood 
of  the  pigment  clumps  often  gave  a  more  intense  blue  reaction  than 
was  found  in  the  other  portions  of  the  liver  and  spleen.  On  the  out- 
skirts of  the  clumps  the  granules  appeared  very  fine,  translucent,  and 
of  a  vellowish  tint,  but  none  of  these  granules  gave  the  blue  reaction. 

Case  X. — Acute  metritis.  Purulent  peritmiitis,  from  infection  with  Strepto- 
coccus pyogenes.  Extreme  deposits  of  pigment  in  all  viscera,  closely  resembling 
those  of  malaria. 

B.  D.,  aged  25.  There  was  no  previous  historj-  of  malarial  infection.  The 
patient  had  always  enjoyed  good  health  since  childhood.  Jan.  2,  1899,  the 
patient  was  delivered  of  a  healthy  infant.  She  felt  well  until  Jan.  6,  when 
she  was  suddenly  seized  with  a  chill  and  fever,  while  the  lochial  discharge 
increased  in  quantity.  The  physician  in  charge  regarded  the  condition  as 
referable  to  malaria  and  administered  quinine  by  mouth  in  large  doses. 
The  fever  persisted  and  the  chills  were  repeated,  but  there  was  no  distinct 
periodicity  in  their  occurrence.  A  digital  exploration  of  the  uterus  was 
made  on  Jan.  7,  and  its  cavity  was  found  to  be  free  from  placental  remains. 
A  severe  diarrhoea  developed  but  yielded  to  opium,  and  was  succeeded  by 
constipation  on  Jan.  12.  Jan.  1.3,  another  physician  was  called  in,  who 
found  signs  of  general  peritonitis,  advising  removal  to  hospital.  He  gave 
no  quinine  on  Jan.  13  and  14,  and  it  could  not  be  learned  how  long  this 
treatment  had  been  continued.  Xo  local  treatment  had  been  used  at  any 
time.  On  admission  to  Roosevelt  Hospital,  Jan.  1.5,  the  patient  was  in 
collapse,  with  signs  of  general  peritonitis  and  a  moderate  discharge  from 
the  uterus  of  chocolate-colored  fluid  of  slight  odor.  The  symptoms  were 
entirely  those  of  peritonitis  from  puerperal  infection.  Temp.,  101°;  pulse, 
IIJO;  respiration,  38.  The  urine  was  acid,  sp.  g.  1024,  contained  a  trace  of 
albumin,  pus,  blood,  many  vesical  and  renal  epithelial  cells,  but  no  casts. 
Death  followed  a  few  hours  after  admission. 

Antopsij. — By  Dr.  Eugene  Hodenpyl,  20  hours  after  death.  Body  of  fairly 
nourished  anaemic  and  jaundiced  subject.  No  cedema.  Lungs,  much  con- 
gested, oedematous,  with  a  few  small  areas  of  hepatization.  Heart,  muscle 
pale,  flabby,  valves  normal,  chambers  slightly  dilated.  Liver,  size  slightly 
increased,  section  smooth,  rather  darker  than  usiial,  outlines  of  lobules 
indistinct.  Gall-bladder  contains  2  oz.  of  dark  bile.  Spleen,  moderately 
enlarged,  very  soft,  of  well-marked  slate  color.  Kidneys,  slightly  enlarged 
and  softened,  markings  swollen,  indistinct;  cortex  irregularly  congested  and 
mottled.  Peritoneal  entity  contains  a  half-pint  of  sero-purulent  fluid  and  is 
everywhere  highly  inflamed  and  granular.  Gastro-intestimil  tract,  no  lesions. 
Marrow  of  ribs  and  vertebrae,  very  hypersemic,  and  of  dark  brown   color. 
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Brain,  pia  slightly  oedematous,  vessels  gorged  with  blood,  brain  tissue 
jaundiced;  no  ecchymoses  or  other  abnormalities  noted.  €  tents,  slightly 
involuted,  wall  rather  friable,  pale;  mucosa  deeply  congested,  of  dark  red 
color,  covered  with  a  thin  chocolate-colored  layer  of  mucus,  blood  and  pus. 
No  remnants  of  placental  tissue  to  be  seen  in  the  cavity  of  the  uterus. 
Cervis  moderatel3-  lacerated.  Xo  thrombi  or  pus  in  vessels  of  broad 
ligament. 

No  cultures  were  made  from  the  peritoneum  or  uterus.  In  smears  of  the 
pus  from  the  peritoneum  and  from  the  uterine  discharge  large  numbers  of 
cocci  in  short  chains  were  found.  In  sections  of  the  wall  of  the  uterus 
large  numbers  of  cocci  in  short  chains  were  found,  but  only  on  the  surface 
or  superficial  portions  of  the  mucosa.  These  cocci  were  identical  in  mor- 
phology with  the  ordinary-  form  of  Streptococcus  pyogenes  seen  in  pus. 

Microscopic  Ejcamlnatiou. — Spleen.  There  is  a  very  abundant  deposit  of 
pigment  in  the  endothelial  cells  and  macrophages  of  the  pulp.  In  the 
sinuses  there  are  many  richly  pigmented  leucocytes.  The  pigment  is 
mostly  in  the  form  of  grains,  short  rods,  or  longer  acicular  masses.  It  is 
very  frequently  arranged  in  the  form  of  a  small  mass  of  fine  brownish 
grains  or  crystals.  In  some  places  it  is  more  compact  and  darker.  About 
some  of  the  masses  there  are  minute  vacuoles.  Xo  malarial  parasites  could 
be  seen  within  the  red  cells,  but  many  contain  one  or  more  coarse  pigment 
grains. 

Smears  of  the  spleen  show  abundant  pigment,  principally  in  the  large 
mononuclear  cells.  The  pigment  is  principally  granular,  but  many  short 
crystals  are  seen.     Xo  malarial  parasites  could  be  identified. 

Liver. — The  pigment  in  the  liver  is  very  abundant,  occurring  in  the  same 
form  as  in  the  spleen.  The  liver  cells  contain  considerable  pigment  in  the 
form  of  granules,  spheroidal  or  wreath-shaped  masses,  or  elongated  rods. 
Many  of  the  elongated,  rod-shaped  collections  lie  in  small  clear  spaces  within 
the  liver  cells,  which  contain  also  much  greenish  granular  bile  pigment  and 
show  moderate   fatty  degeneration.     X'o  malarial  parasites   were   seen. 

Kiilnrij. — There  are  evidences  of  acute  degeneration  of  the  tubule  cells. 
The  convoluted  tubules  and  adjoining  capillaries  are  nearly  free  from  pig- 
ment. In  the  glomeruli  are  a  few  pigmented  endothelial  cells  and  leuco- 
cytes. In  the  medulla  and  medullary  rays,  many  of  the  lining  cells  contain 
numbers  of  wreath-like  masses  of  granular  and  crystalline  pigment.  The 
adjoining  vessels  arc  injected  with  l)lood  containing  many  pigmented  leuco- 
cytes, apparently  free  pigment  granules,  and  a  few  pigment  wreaths,  but 
no  parasites. 

U carl-muscle. — .\  considerable  number  of  jiigineiited  leucocytes  are  present 
in  the  capillarips  hut  no  parasites  could  be  found. 

Lniifis  contain  a  rich  deposit  of  pigment  lying  principally  in  the  capillary 
endothelium  and  otitlining  the  vesicles  in  a  pigment  network.  Some  of 
these  (  ndothelial  cells  or  macrophages  are  of  extreme  length  and  contain 
small  wreaihs  of  brownish  pigment  granules  and  crystals.  Other  cells  show 
larger,  denser  clumps  of  pigment.  In  the  pneumonic  areas  the  exudate  is 
composed  largely  of  polynuclear  loicocytes  among  which  lie  nuiny  pigmented 
cells. 

f'teru.i. — The  large  superficial  uterine  sinuses  contain  blood-dots  in  ninny 
stages  of  organization.  Over  the  inner  surface  of  the  uterus  there  is  a  thin 
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lajer  of  pus  and  granular  detritus  entangling  many  pigmented  leucocytes 
and  a  great  many  cocci  in  short  chains.  The  evidences  of  exudative  inflam- 
mation are  limited  to  the  suiierficial  tissues.  In  the  deeper  tissue  there  is 
an  extremely  abundant  deposit  of  wreath-shaped  masses  of  pigment  within 
capillaries,  endothelial,  large  and  small  mononuclear,  and  connective-tissue 
cells.  In  manj-  foci,  especially  in  the  neighborhood  of  large  vessels,  the 
pigment  is  quite  as  abundant  as  in  the  spleen.  The  sinuses  and  capillaries 
are  injected  with  blood  containing  a  large  amount  of  free  pigment  and 
many  pigmented  leucocytes  (Plate  XI,  Fig.  10).  Xo  malarial  organisms 
could  be  identified.     Xo  smears  were  made  from  this  organ. 

Marrotr. — The  marrow  sections  and  smears  contain  a  moderate  number  of 
pigmented  macrophages  and  endothelial  cells.  >'o  infected  red  cells  could 
be  found.  Nucleated  red  cells  are  abundant;  the  myelocytes  are  in  excess: 
the  giant  cells  are  slightly  increased;  there  are  very  few  eosinophile  cells. 

Brain  and  MeduUn. — A  few  pigmented  endothelial  cells  and  leucocytes  were 
found,  but  no  parasites. 

lilood  smears  were  made  at  the  autopsy  from  the  finger  tip,  mesenteric 
veins,  and  cerebral  sinuses.  The  red  cells  exhibited  the  changes  of  a  severe 
chlorotic  ansemia  with  leucocytosis.  A  few  pigmented  leucocytes  were  seen. 
In  spite  of  prolonged  and  repeated  search  no  parasites  could  be  identified 
in  the  blood  smears. 

The  blood-rtsscls  throughout  many  of  the  viscera  contain  an  abundant 
deposit  of  pigment  in  granular  and  crystalline  form,  lying  outside  of  and 
adherent  to  the  red  cells.  Many  of  the  red  cells  have  a  peculiar  brownish 
tinge.  Much  pigment  lies  within  leucocytes  and  endothelial  cells,  and  the 
tissues  in  the  neighborhood  of  such  vessels  sometimes  contain  a  moderate 
deposit  of  pigment  granules  and  crystals. 

Epicritical:— The  present  ease  is  inserted  iu  this  couuection  for 
the  purpose  of  illustrating  the  great  similarity  which  the  pigment 
deposits  of  septic  conditions  may  show  to  those  of  malaria. 

In  this  case  the  possibility  of  malarial  infection  may  be  ruled  out 
on  the  previous  history,  the  distinct  onset  and  course  of  ordinary  septic 
metritis  and  peritonitis,  by  the  failure  of  quinine  to  control  the  dis- 
ease, and  by  the  absence  of  parasites  from  the  blood  and  viscera.  On 
the  other  hand,  the  gross  appearance  of  the  spleen  was  identical  with 
that  of  acute  malarial  infection,  the  liver  and  marrow  exhibited  a 
distinct  brownish  tinge,  while  the  microscopic  appearance  of  the  pig- 
ment deposits  was  in  many  respects  identical  with  that  of  malarial 
pigmentation. 

On  comparing  these  deposits  with  those  of  malaria  some  differences 
were  to  be  noted.  In  the  case  of  septicremia  the  pigment  grains  were 
more  often  distinctly  crj'Stalline,  and  large,  spheroidal,  homogeneous 
black  grains  were  more  abundant  than  in  acute  malarial  cases,  while 
the  fresh,  yellowish,  finely-granular  pigmetit  was  much  less  abundant. 
The  concentration  of  pigment  deposits  in  the  tissue  about  blood-vessels 


152  Pathological  Analoinij  of  2Ialarial  Fever 

was  a  saniewJiat  characteristic  feature  The  wall  of  the  uterus  con- 
tained nearly  as  much  pigment  as  the  spleen.  The  pulmonary  exudate 
contained  an  abundance  of  pigment,  but  in  malaria  pulmonary  exudates 
have  always  been  found  nearly  free  from  pigmented  leucocytes.  In 
the  present  case  a  considerable  number  of  liver  cells  contained  large 
and  small  vacuoles  partly  filled  with  brownish  acicular  crystals.  In 
malaria  this  condition  of  the  liver  cells  is  rather  rarely,  though  occa- 
sionally, encountered.  In  both  cases  the  crystals  fail  to  give  Gmelin's 
test,  they  dissolve  in  ammonium  sulphide,  but  not  in  ether,  chloroform, 
or  carbon  bisulphide.  The  condition  of  the  blood  in  sections  of  vessels 
showed  that  extensive  destruction  of  blood  cells  was  in  progress 
throughout  the  viscera  in  the  present  case,  and  offers  an  ample  source 
for  the  visceral  deposits. 

Nevertheless  it  would  be  impossible  from  a  study  of  the  pigment 
deposits  alone  to  deny  the  coexistence  of  malarial  infection,  for  as  is 
shown  in  the  description  of  other  cases  a  similar  destruction  of  blood 
may  and  in  some  degree  frequently  does  accompany  malarial  infection. 
In  Case  VII  the  pigment  deposit  resulting  from  solution  of  blood  cells 
completely  overshadowed  that  derived  from  the  malarial  parasite. 

The  destruction  of  blood  cells  in  various  septic  conditions  may  be 
confidently  referred  tn  the  increased  globulicidal  action  of  the  plasma 
which  has  long  been  kiuiwn  to  characterize  these  conditions. 

From  the  examinatiim  ol'  tliis  and  many  other  cases  I  hav(>  become 
convinced  that  it  is  ri'ci|iient  ly  iiii|iossil)Ii'  to  (list  in.uiiisli  between  the 
])igment  deposits  of  nialiii-ia  and  those  resulting  I'nini  increased  globuli- 
cidal aetivitv  (il  the  sei'uin  in  other  diseases.  It  ddldws  that  it  is  rarely, 
it  e\'er,  ]iiissi]iie  to  establish  the  diagimsis  of  malaria  fi-om  the  jiresence 
of  pigmi'iit  di']insits  in  the  viscera.  Vov  in  \iiviotis  ntlier  diseases  there 
may  he  a  deposition  of  pigment  wliirli  is  praetically  indistinguishable 
from  that  i>f  malaria  in  enlni-,  foi'm.  intraccllnlar  position,  general  dis- 
trilmtion,  and  chemical  i-c>artions.  .Moreovei-  the  slate  color  of  the 
spleen  in  this  ease  and  the  ilai-k  hniwnish  tinge  nt'  the  livei-  indicate 
that  these  nvv  l>y  no  means  patlmgnomonie  gross  signs  oj'  malai'ial  infec- 
tion. .\  further  important  itunni'v  concerns  the  extent  to  which  the 
solution  of  lilood  cells  in  septic  conditions  is  referable  to  ])Ost-mortcni 
action  of  flic  Lflobnlicidal  serum. 
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PART  II. 

I.     TECHNICS. 

Fixation: — The  majority  of  investigators  have  preferred  alcohol  as 
a  fixative  agent  in  the  study  of  tissues  in  malaria,  placing  small  pieces 
in  weak  solutions  for  preliminary  fixation,  or  using  strong  or  absolute 
alcohol  from  the  first.  There  seems  to  be  nearly  complete  agreement 
that  this  is  the  best  method  to  employ  in  this  particular  field.  In  addi- 
tion to  alcohol,  a  great  variety  of  metallic  solutions  have  been  used 
with  varying  success,  but  none  of  them  has  been  urgently  recommended 
over  alcohol. 

In  the  present  cases  the  fixatives  used  were  alcohol,  80^,  Lang's  fluid, 
1^,  aqueous  bichloride,  and  formalin  5-10^.  The  bichloride  solutions 
may  at  once  be  discarded  for  the  present  purpose,  ou  account  of  their 
tendency  to  leave  metallic  precipitates.  In  other  respects  they  yielded 
good  but  not  superior  results.  The  tissues  fixed  in  alcohol  80;^  gave 
satisfactory  preservation  of  red  cells  and  parasites,  but  less  success- 
ful results  as  regards  the  tissues,  which  suffered  the  usual  shrinkage. 
Hardening  in  formalin,  5-10^,  proved  most  satisfactory.  Shrinkage 
did  not  disturb  the  sections,  the  preservation  of  red  cells  and  parasites 
was  even  better  than  that  by  alcohol,  while  the  proved  excellence  of 
formalin  as  a  fixative  for  general  cytological  study  was  very  constantly 
apparent.  Formalin  seems  to  have  a  distinct  advantage  over  some 
other  fixatives  in  precipitating  and  rendering  insoluble  the  pigments 
derived  from  dissolving  red  blood  cells. 

Staining: — Malarial  parasites  and  their  derivatives  are  well  demon- 
strated in  thin  sections  by  staining  5  min.  in  1^  aqueous  methylene 
blue,  gently  warmed,  followed  by  moderate  decolorization  in  strong 
alcohol,  and  clearing  in  oil  of  cajeput.  This  staining  fluid  may  per- 
haps be  slightly  improved  by  adding  a  trace  of  alkali  (.01;^  caustic  pot- 
ash), as  used  by  Guarnieri.  This  method  is  practically  that  of  Nissl 
and  gives  excellent  demonstrations  of  changes  in  visceral  as  well  as  in 
ganglion  cells. 

Intracellular  parasites  are  somewhat  more  deeply  stained  if  the  sec- 
tions arc  previously  treated  for  one  hour  with  a  moderately  strong 
solution  of  hsematoxylin,  which  also  intensifies  the  nuclei  of  tissue 
cells.  The  use  of  hsematoxylin  clearly  demonstrates  the  nuclei  of  the 
young  and  the  segmenting  parasites  which  are  faintly  or  not  at  all 
stained  in  sections  by  methylene  blue.  Ama^m  dysenterio'  in  sections 
stained  bv  ha^matoxvlin   aiid   methylene  blue   is  verv  clearlv   dciiuiii- 
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strated,  and  may  readily  be  identified  by  low  magnification  (Leitz  No.  3). 
The  nucleus  of  this  protozoon  fails  to  stain  by  methylene  blue,  but  is 
sharply  developed  by  haematosylin.  On  several  grounds,  therefore, 
the  combination  of  hematoxylin  and  methylene  Ijlue  may  be  strongly 
recommended  for  the  present  purposes. 

Attempts  were  made  to  stain  the  nucleus  of  the  malarial  parasite 
in  tissues  by  the  methods  of  Bomanowsky,  Ziemann,  and  Xocht.  The 
results  were  not  successful  in  demonstrating  the  chromatin,  but  iSTocht's 
method  brought  out  the  body  of  the  parasite  very  much  better  than  any 
other  method  employed. 

Very  striking  demonstrations  of  Aina'ha  Lh/genfericE  were  obtained 
by  the  application  of  this  method  to  thin  sections  of  the  colon. 
These  sections  were  stained  for  24  hours  and  slightly  decolorized  10-15 
min.  in  95^  alcohol.  The  nucleus  of  the  amreba  then  appears  deep  red, 
the  body  blue,  the  vacuoles  are  distinct  and  their  contents  variously 
stained. 

In  the  study  of  pigment  deposits  in  the  viscera  hjemosiderin  was 
demonstrated  by  the  common  method,  that  of  Perls.  Sections  were 
placed  for  one  hour  in  I'ir  watery  solution  of  potassium  ferroeyanide 
and  mounted  in  glycerine  containing  1^  hydrochloric  acid.  A  useful 
procedure  may  sometimes  be  found  in  dissolving  the  malarial  pigment 
by  ammonium  sulphide,  which  at  the  same  time  blackens  the  granular 
or  diffuse  haemosiderin. 

Formalin-fixation  is  a  reliable  means  of  identifying  bilirubin,  which 
is  converted  to  the  green  biliverdin.  but  under  the  microscope  the 
green  tinge  is  not  marked  and  the  biliary  derivatives  may  be  mistaken 
for  the  yellow  htemosiderin  granules. 

I  would  strongly  recommend  the  employment  of  smear  preparations 
of  the  viscera,  treated  as  blood  specimens.'"  for  the  study  of  mimite 
cellular  changes,  phagocytosis,  and  the  demonstration  of  parasites. 
In  the  actively  phagocytic  viscera— liver,  spleen,  and  marrow — it  is 
often  hazardous  to  attempt  the  identification  of  parasites  in  sections, 
whereas  the  examination  of  a  smear  made  from  these  tissues  furnishes 
convincing  evidence  of  the  number  and  tyjjc  of  parasites  present. 

II.     THK  VISCERAL  LESIONS. 
LIVER. 

The  gross  lesions  of  the  liver  were  usually  but  not  always  indicative 
of  malarial  infection.     The  organ  was  generally  slightly  swollen,  but 

"For  the  methods  of  staining  smear  specimens,  sec  Ewiiij;,  Malarial  parasitolog}-, 
Journal  of  Etpcrimenlal  Meiliciiie,   1!K)1,  v,  p.  439. 
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thi^i  fact  was  not  distinctly  apparent  at  the  autopsies,  and  in  one  case 
(III),  ■with  marked  atrophy  of  liver  cords  and  development  of  cavern- 
ous tissue,  the  liver  was  reduced  in  size.  The  consistence  of  the  organ 
■was  usually  slightly  reduced.  Fatty  changes  were  seldom  apparent  to 
the  naked  eye.  The  pigment  deposits  were  in  the  present  cases  always 
sufficient  to  give  to  the  section  of  the  organ  a  slightly  brownish  tint, 
but  this  change  was  sometimes  far  from  characteristic  and  failed  to  be 
noted.  In  other  cases  the  liver  was  slaty  or  black.  The  outlines  of 
lobules  were  generally  indistinct.  Distension  of  the  gall-bladder  was 
commonly  seen.  That  fatal  malaria  may  leave  inappreciable  changes 
in  the  gross  appearance  of  the  liver  is  evident  from  Case  VI,  and  es- 
pecially from  the  cases  of  ilarchiafava  and  Bignami  in  which  very  few 
or  no  parasites  were  found  in  the  blood  at  death,  and  in  which  no  micro- 
scopic evidences  of  a  previous  severe  infection  were  found.  It  appears 
also  that  the  pigmentation  of  the  liver  may  be  very  slight  when  the 
parasites  are  massed  in  the  intestinal  mucosa. 

The  microscopic  exnminatidn  of  the  liver  in  the  foregoing  cases 
showed  that  the  lesions  varied  but  little  from  those  described  in  acute 
malarial  infection  by  Guarnieri  in  1887,  and  Bignami  in  1890. 

Parasites,  in  the  majority  of  cases,  were  comparatively  scarce.  They 
■were  usually  englobed  by  jjhagocytic  macrophages  and  endothelial 
cells,  together  with  red  cells,  leucocytes,  and  pigment,  and  iu  these 
situations  they  almost  invariably  presented  evidences  of  degeneration 
and  solution.  They  were  not  positively  identified  in  the  liver  cells. 
In  Case  II,  dying  just  after  sporulation  of  one  of  two  or  more  very 
numerous  broods  of  parasites,  very  large  numbers  of  parasites  were 
found  in  the  liver,  mostly  within  phagocytes  and  degenerating.  In 
the  other  eases  the  hepatic  phagocytes  contained  only  scanty  traces  of 
the  bodies  of  parasites,  but  many  vacuoles  and  fresh  pigment  clumps. 
It  is  difficult  to  explain  this  difference  except  on  the  ground  that  the 
englobement  of  parasites  in  the  liver  is  more  active  at  certain  periods 
of  the  cycle,  or  occurs  intermittently,  and  that  the  destruction  of  en- 
globed  parasites  may  be  completed  very  rapidly,  i.  e.  within  a  few 
hours.  Otherwise  the  livers  of  all  acute  cases  with  rich  infection,  ought 
to  show  abundant  traces  of  the  bodies  of  englobed  parasites,  which 
thev  (lid  not  show,  with  one  exception,  in  this  series  of  cases.  It  is 
to  he  noted  that  the  exception  was  the  only  case  of  the  series  in  which 
numerous  rosettes  were  foirad  in  the  tissues.  There  are  several  obser- 
vations pointing  to  an  increased  phagocytic  activity  in  the  blood  at  the 
lieight  of  the  paroxysm.  Possibly  the  same  rule  hohls  in  the  liver. 
11 
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However  that  may  be,  it  is  certain  that  tlie  livers  of  acute  cases  with 
rich  infection,  exhibiting  about  an  equal  quantity  of  recent  pigment, 
contain  a  very  variable  number  of  parasites  in  the  early  stages  of  de- 
struction by  phagocytes. 

Among  the  active  phagocytes  could  l)e  identitled  the  large  mono- 
nuclear cells  of  the  caijillaries,  endothelial  cells,  and  leucocytes  (Plate 
X,  Figs.  1-6).  There  were  often  evidences  of  a  fusion  of  large 
mononuclear  cells,  endothelial  cells  and  leucocytes  into  large  proto- 
plasmic masses  inclosing  several  infected  red  cells.  Occlusion  of  ca- 
pillaries by  these  masses  or  by  many  discrete  cells  was  often  observed, 
in  the  neighborhood  of  which  the  capillaries  were  sometimes  found 
dilated. 

Various  lesions  of  the  liver  cells  were  observed.  The  normal  liver 
cell  stained  by  methylene  blue,  in  sections  and  especially  in  smears, 
exhibits  a  coarse  but  regular  and  distinct  chromatic  reticuhnn.  This 
reticulum  was  often  found  to  be  indistinct,  its  meshes  uneven,  and 
sometimes  obliterated  or  displaced  by  various  granules,  indicating  the 
changes  of  acute  degeneration.  Necrotic  cells  were  rarely  discovered 
in  the  present  cases.  I  found  many  cells  in  advanced  stages  of  degen- 
eration, but  few  in  which  the  nucleus  was  not  demonstrable  by  ha^ma- 
toxylin  or  methylene  blue,  although  the  staining  reaction  was  often 
faint. 

Fatty  inllltration  of  the  liver  cells  was  remarkably  slight.  In  one 
ease  there  were  large  areas  in  which  the  capillaries  of  irregular  por- 
tions of  lobules  or  of  entire  lobules  were  greatly  dilated  at  the  ex- 
pense of  the  liver  cords,  which  were  markedly  atrophic  or  had  disa]i- 
peared.  The  resulting  appearance  was  that  of  cavernous  tissue,  as 
described  in  a  few  cases  by  (lUarnieri,  Bignami,  Xepveu,"  Lodigiani," 
and  Monti.'"  These  dilated  capillaries  do  not  radiate  from  a  central  vein, 
as  in  the  nutmeg  liver  of  ordinary  chronic  congestion.  Guarnieri  re- 
fers this  lesion  to  the  disordered  nutrition  of  liver  and  endothelial  cells 
resulting  from  the  obstructed  circulation,  partly  also  to  direct  pressure, 
conditions  which  existed  prominently  in  my  case.  Bignami  connects 
it  especially  with  a  previous  necrosis  of  the  liver  colls.  Tn  the  present 
cases  these  cells  were  not  necrotic 

The  liver  cells  usually  contaiucil  many  large  and  small  greenisli 
granules  of  bile  pigment.  They  were  must  abudant  in  Case  VTT,  which 
exhibited  externally  the  most   int(Mise  jaundice,  but  were  nliumlaut    in 

"  Jfniffille  wMinil,  1894,  xxxi,  p.  649. 

Mil  Cited  by  Barbacci  in  Centralbl.  f.  all;/.  I'alh.  it  pulh.  Anal.,  1899,  x,  p.  04. 
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Case  II,  in  which  the  jaundice  was  slight.  That  the  intercellular  bile 
capillaries  were  extensively  occluded  by  pressure  of  swollen  endothelial 
cells  and  macrophages  in  distended  capillaries  was  evident,  and  to  this 
condition  the  biliary  pigmentation  of  the  liver  cells  may  be  referred. 

In  all  cases  the  liver  cells  presented  a  variable  number  of  fine,  light 
yellow  granules  which  gave  the  reactions  of  hcemosiderin,  while  a  diffuse 
reaction  for  ha?mosiderin  was  obtained  in  some  endothelial  cells  and  in 
the  connective  tissue  of  the  portal  canals. 

I  was  unable  to  find  evidences  of  the  h\'aline  transformation  of  the 
nuclei  of  liver  cells  described  by  Guarnieri,  except  in  a  few  isolated 
instances.  A  variety  of  nuclear  changes  were  observed  in  the  liver 
cells  which  did  not  differ  from  those  seen  in  other  infectious  diseases, 
llany  nuclei  were  found  in  the  process  of  direct  division,  while  mitotic 
figures  were  rare.  In  some  cases  the  evidences  of  regeneration  on  the 
part  of  the  liver  cells  seemed  to  .justify  the  iise  of  the  term  "  diffuse 
vicarious  hypertrophy,"  employed  by  Guarnieri. 

The  portal  canals  were  sometimes  markedly  infiltrated  with  round 
cells.  Mast-cells  were  rather  numerous  in  some  areas,  and  sometimes 
these  cells  were  pigmented. 

While  the  present  cases  do  not  bear  directly  upon  the  question  of 
cirrhotic  processes  in  the  liver  following  malaria,  it  was  strikingly 
apparent  that  the  infection  had  exhausted  itself  in  producing  vascular 
and  cellular  alterations,  while  there  was  an  entire  absence  of  the 
changes  of  beginning  fibrosis. 


The  spleen  was  increased  in  size  in  all  cases,  the  change  being  gen- 
erally proportionate  with  the  length  and,  to  a  less  extent,  with  the 
severity  of  the  infection.  It  was  noted  at  Montauk  that  the  spleens  of 
the  malarial  cases  were  as  a  rule  much  smaller  than  those  of  the 
typhoid  cases.  The  organ  was  usually  much  softened  and  sometimes 
diffluent.  The  capsule  was  tense.  In  one  case  (VII)  the  spleen  was 
rather  firm  and  dark  red.  In  the  color  there  was  iisually  distinct 
evidence  of  malarial  infection,  but  this  was  sometimes  slight,  and  the 
spleens  of  cases  of  typhoid  fever  in  malarious  subjects  often  gave  no 
gross  evidence  of  considerable  pigment  deposits  demonstrable  micro- 
scopically. In  all  the  frank  acute  malarial  cases  the  spleen  was  moder- 
ately enlarged,  soft,  and  of  dark  brown,  chocolate,  or  slate  color. 

The  most  prominent  microscopic  features  were  the  pigment  deposits 
and  the  cellular  hyperplasia  and  distension  of  the  pulp  cords. 
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It  was  always  difficult  to  identify  positively  parasites  in  the  sections 
whereas  they  were  always  found  in  larger  numbers  in  smears  of  the  pulp 
tissue.  They  appeared  to  be  more  abundant  than  in  the  4iver,  and  the 
same  description  of  their  inelosure  and  destruction  in  phagocytes 
applies  to  both  liver  and  spleen.  The  macrophages  were  much  more 
numerous  and  of  larger  size  in  the  spleen  than  in  the  liver. 

In  all  cases  the  sinuses  and  cords  contained  an  excessive  number  of 
cells.  The  evidence  of  proliferation  of  splenic  cells  was  most  apparent 
in  the  frequent  presence  of  islands  of  8  to  10  cells  of  small  size,  compact 
grouping,  deeply  staining  nuclei,  and  free  from  pigment.  The  Mal- 
pighian  bodies  participate  largely  in  this  process,  as  their  dimensions 
were  sometimes  increased,  and  their  outlines  often  irregular,  and 
fringed  at  times  with  these  islands  of  young  cells. 

Marked  obstruction  to  the  circulation  in  the  spleen  must  have 
existed  from  the  distension  of  sinuses  by  macrophages,  swollen  endo- 
thelial cells,  leucocytes,  and  infected  red  cells.  A  pronounced  condi- 
tion of  oedema  was  therefore  nearly  always  present,  and  a  few  inter- 
stitial hitmorrhages,  with  necrosis  of  cells  were  found. 

The  deposit  of  pigment  was  usually  more  abundant  in  the  spleen 
than  in  any  other  situation,  and  in  acute  cases  was  uniformly  distributed 
in  the  macrophages,  endothelial  cells,  and  leucocytes  of  the  pulp,  while 
the  Malpighian  bodies  were  almost  invariably  free  (Plate  XIV,  Fig.  1(!). 

In  the  acute  cases,  the  distribution  of  pigment  was  very  uniform 
throughout  the  pulp.  In  a  case  of  fatal  typhoid  fever  which  had  been 
fiee  from  malarial  paroxysms  for  three  weeks,  the  pigment  had  been 
gathered  in  a  network,  with  rather  coarse  meshes,  throughout  the  pul]> 
(Plate  XI Y,  Fig.  17);  while  in  another  case  of  chronic  malaria  three 
months  after  the  last  acute  seizure,  the  pulp  was  nearly  free  from 
pigment,  which  was  gathered  in  large  black  intra-  or  extra-cellular 
blocks  in  the  septa  and  walls  of  arterioles,  and  about  the  follicles 
(Plate  XV,  Fig.  18). 

MARltnW. 

A  chocolate  tinge  of  the  marrow  expressed  from  ribs  and  vertebne 
was  a  characteristic  change  ol)scrved  in  the  acute  cases,  and,  in  gen- 
eral, this  clumge  in  the  marrow  kept  ])ace  with  tiie  similar  alteration 
of  the  .e])leen.  In  Cases  I  and  II  there  was  cliocolate-colored  marrow 
in  the  middle  third  of  the  humerus  and  clavicle,  indicating  an  exten- 
sive increase  in  the  natural  limits  of  red  marrow.  Bignami  demon- 
strated such  a  hyperplasia  throughout  the  femur. 

Of  the  changes  in  the  marrow  referable  to  the  growth  of  parasites, 
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cellular  hyperplasia,  obstruction  to  the  circulation,  and  deposit  of  pig- 
ment, it  may  be  said  that  they  are  very  similar  to  and  of  equal  extent 
with  those  of  the  spleen.  In  Case  IV  there  was  an  excessive  accumu- 
lation of  parasites  in  the  marrow,  the  majority  of  red  cells  being  in- 
fected with  one  or  more  rings,  and  multiple  infection  being  very  fre- 
quent.    Xo  infected  nucleated  red  cells  could  be  found. 

Usually  the  number  of  parasites  demonstrable  in  smears  was  mod- 
erate, though  larger,  as  a  rule,  than  in  the  liver  or  spleen.  Crescents 
were  not  abundant  in  the  tissues  of  any  of  the  fatal  cases,  and  when 
present  the}'  were  not  seen  in  unusual  numbers  in  the  marrow,  as 
found  by  Councilman,"  Marchiafava,  Bastianelli  and  Bignami  ("94),  nor 
iTi  the  spleen,  as  stated  by  Bignami.  In  Case  I,  in  which  enormous 
numbers  of  crescents  were  found  in  the  blood  for  two  weeks,  largely 
disappearing  before  death,  there  were  very  few  crescents  to  be  found 
in  the  marrow  smears,  and  the  pigment  deposits  in  the  marrow  were 
comparatively  scanty.  This  condition  is  not  entirely  in  accord  with 
the  observations  of  the  authors  mentioned.  In  one  case  (VII)  there 
were  numerous  small  capillary  haemorrhages  in  the  marrow. 

Relation  of  lesions  in  marrow  to  malarial  ancemia. — The  chief  interest 
in  the  lesions  of  the  marrow  in  malaria  lies  in  their  relation  to  malarial 
ana?mia,  and  in  this  field  the  studies  of  Bignami  and  Dionisi "  are 
most  complete.  The  changes  in  the  blood  and  marrow  in  the  writer's 
cases  accord  in  a  considerable  degree  with  the  classification  given  by 
these  observers. 

The  most  striking  of  the  series  in  this  regard  is  Case  IV,  in  which 
there  were  the  lesions  of  pernicious  anaemia  in  the  blood  and  marrow, 
and  an  excessive  accumulation  of  parasites  in  the  marrow.  Besides 
the  changes  referable  to  the  presence  of  many  parasites  and  much  pig- 
ment, the  marrow  showed  well-marked  cellular  hyperplasia,  leading  to 
atrophy  and  disappearance  of  fat  cells,  which  are  normally  present  in 
the  marrow  of  the  vertebral  bodies.  In  sections,  this  hyperplasia 
seemed  to  affect  principally  the  large  and  small  mononuclear  cells, 
while  in  smears  the  new  cells  could  be  divided  among  the  ueutrophile 
myelocytes  and  the  hanphocytes.  These  cells,  together  with  macrophages 
and  swollen  endothelial  cells,  appeared  to  cause  more  than  the  usxial 
obstruction  to  the  circulation  of  the  marrow,  yet  no  necroses  were 
discovered.  The  islands  of  nucleated  red  cells  commonly  seen  in  nor- 
mal marrow  were,  in  this  case,  entirely  lacking  in  sections  and  smears. 

'«  .l</«^i-.  JoKi-K.  Med.  Sckncex.  18S.5,  Ixxxix,  p.  410. 

'"Atti  d.  XI.  Cougr.  med.  internaz.,  Roma,  18'.'4,  ii,  p.  23."). 
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In  their  place  there  was  a  considerable  number  of  megaloblasts  with 
increased  Hb.  A  peculiar  abnormality,  first  noted  in  sections  and 
fully  verified  in  the  smears,  was  the  superabundance  of  giant  cells, 
which  occurred  in  groups  of  eight  or  ten.  Bignami  and  Dionisi  found 
this  peculiarity  in  their  fourth  t.\-pe  of  anjeniia  as  occurring  in  malarial 
cachexia,  and  which  was  marked  also  by  a  condition  termed  by  them 
sclerosis  of  the  marrow.  Xo  changes  to  which  the  term  sclerosis  could 
be  applied  were  found  in  the  marrow  in  any  of  the  present  cases.  The 
examination  of  the  blood,  showing  the  presence  of  a  majority  of  megalo- 
cvtes  with  increased  HI).,  and  of  many  megaloblasts,  together  with  the 
condition  demonstrated  by  smears  and  sections  of  the  marrow,  indi- 
cates that  the  fetal  type  of  blood  formation  had  been  established  in 
this  case,  and  warrants  its  classification  as  pernicious  ana?mia. 

That  such  changes  in  the  marrow  arc  rather  frequently  initiated  by 
malarial  infection  there  can  be  no  doubt,  as  shown  by  the  pathological 
studies  of  Bignami  and  others.  In  my  series  of  blood-examinations 
in  malaria  at  Montauk  and  elsewhere  there  are  no  less  than  19  cases 
in  which  prcnotmced  features  of  primary  pernicious  amemia  were  ob- 
served. 

Some  regard  such  evidence  as  demonstrating  the  lack  of  specific 
quality  in  the  changes  commonly  regarded  as  pathognomonic  of  pri- 
mary pernicious  anaemia.  Bignami,  however,  believes  that  these  cases 
are  still  to  be  regarded  as  true  examples  of  primary  pernicious  ani\?mia, 
claiming  that  the  reversion  of  the  marrow  to  the  embryonal  type  of 
blood-formation,  as  seen  in  some  cases  of  malarial  ansemia,  is  not  re- 
ferable exclusively  to  the  infection,  but  partly  results  from  other  asso- 
ciated causes  not  definitely  understood.  With  this  view  I  am  in  ac- 
cord. Tlie  majority  of  cases  of  pernicious  malaria  develop  the  changes 
of  secondary  chlorotic  or  pernicious  anamiia.  but  some  show  those  of 
the  primary  pernicious  anfemia.  The  essential  difference  is  not  in  the 
cause  but  in  the  character  of  the  anatomical  changes  in  the  bone  mar- 
row. In  each  instance  the  changes  are  initiated  by  malarial  infection. 
In  one  case  they  are  maintained  almost  exclusively  by  that  infection, 
with  which  they  are  more  or  less  proportionate,  but  in  the  other  they 
are  maintained  by  the  'peculiar  changes  in  the  marrow  whidi  when 
once  initiated  may  progress  independently.  This  view  of  the  pathology 
of  malarial  anspmia,  instead  of  weakening  the  evidence  in  favor  of  the 
s])ecific  nature  of  the  changes  in  primary  pernicious  ana^nia.  furnishes, 
on  the  contrary,  very  strong  proof  of  the  specific  quality  of  this  con- 
dition of  the  blood. 
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The  lesions  found  in  the  j)resent  cases,  and  in  some  others  not  re- 
ported in  this  series,  indicate  that  the  changes  in  the  marrow  in  fatal 
cases  of  acute  malaria  follow  one  of  two  types: 

(1)  The  cellular  hyperjDlasia  is  pronounced,  the  nucleated  red  cells 
are  abundant  and  tend  to  increase  in  size,  the  eosinophile  cells,  giant 
cells,  and  lymphocytes  are  over-abundant,  while  the  fat  cells  are  com- 
pressed and  atrophic.  With  these  changes,  the  blood  shows  moderate 
or  severe  antemia  of  the  chlorotic  type,  with  a  marked  tendency  to  de- 
velop the  signs  of  pernicious  anaemia,  which  not  infrequently  become 
distinct.  Pigment  deposits  and  parasites  are  often  unusually  abund- 
ant as  in  Cases  II  and  VI. 

(3)  The  cellular  hj^perplasia  is  moderate,  fat  cells  being  abundant  in 
the  vertebrse  and  persisting  in  the  ribs.  Nucleated  red  blood  cells, 
eosinophile  cells,  and  giant-cells  are  deficient.  The  blood  shows  severe 
anaemia  of  chlorotic  type.  There  may  be  considerable  differences  in 
the  size  of  the  red  cells,  but  the  Hb.  is  very  deficient.  The  leucocytes 
are  usually  diminished,  and  eosinophile  cells  are  scarce.  Pigment  de- 
posits and  parasites  are  usually  not  very  abundant  (Cases  III  and  VI). 

In  attempting  to  draw  these  general  distinctions  it  must  be  admitted 
that  the  present  observations  are  too  limited  to  fully  establish  general 
rules. 

The  natural  limits  of  red  marrow  in  the  normal  subject  are  rather 
variable,  and  the  quantity  of  fat  in  the  ribs  and  vertebrae  decidedly  so. 
Moreover,  in  a  series  of  routine  cases  coming  to  autopsy  from  various 
causes  I  have  found  great  dissimilarity  in  the  appearance  of  the 
marrow  cords,  and  of  smears  therefrom,  which  it  is  difficult  to  con- 
nect with  the  various  states  of  nutrition  and  disease  in  the  subjects. 
There  will  be  no  harm  in  describing  the  above  types  of  changes  in  the 
marrow  of  pernicious  malaria,  if  it  is  understood  that  it  presents  a 
tentative  classification  which  is  to  be  readjusted  on  the  evidence  of 
future  investigations. 

LEUCOCYTOSIS  OF  MALARIA. 

Most  observers  have  found  very  little  ehang'e  in  the  number  of  leucocytes 
in  the  fing^er  blood  during  acute  malarial  attacks  of  average  severity.  This 
absence  of  leucocytosis  with  a  rapidly  rising  temperature  may  be  found  of 
considerable  corroborative  value  in  the  diagnosis  of  malarial  fever. 

A  slight  leucocytosis  at  the  beginning  of  the  paroxysm  has  been  noted 
by  Kelsch,  Billings,"'  Vincent,"  and  others,  but  the  numbers  usually  remain 

^'^  Bulletin  of  the  Johns  Hopkins  Hoxpital,  1894,  v,  p.  89. 
".•Iraiirtte  (le  Vliislitiit  Pasteur,  1897,  xi,  p.  891. 
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below  10.000,  while  the  percentage  of  pblynuclear  cells  is  increased.  Vincent 
finds  that  quinine  tends  to  increase  the  polynuclear  leucocytes  during  the 
entire  paroxysm.  With  the  falling  temperature  and  during  apyrexia  the 
leucocytes  are  usually  distinctly  diminished  (2000-1000).  especially  the  poly- 
nuclear  forms,  giving  a  relative  lymphocytosis. 

Except  during  the  3  to  4  hours  immediately  following  the  chill,  there- 
fore, malarial  blood  usually  shows  a  diminished  number  of  leucocytes,  and 
a  distinct  relative  lymphocytosis.  The  lymphocytes,  small  and  large,  may 
sometimes  become  quite  numerous,  especially  in  well-est.iblished  cases.  This 
fact  accords  with  the  increased  cellular  activity  of  the  lymphoid  tissues 
shown  by  microscopic  examination  of  the  viscera. 

Bastianelli  refers  the  loss  of  polynuclear  leucocytes  to  the  increased 
phagocytic  activity  of  these  cells.  Vincent  noted  a  periodical  decrease  in 
the  number  of  large  mononuclear  cells,  which  he  refered  to  the  same  process. 

In  the  severer  aestivo-autumnal  paroxysms  many  observers  have  noted  a 
distinct  leucocytosis.  Kelsch  found  that  the  leucocytosis  of  j^ernicious 
malarial  attacks  often  consists  in  marked  lymphocytosis.  Bastianelli  and 
Bignami  find  that  in  addition  to  various  inflammatory  complications,  leuco- 
cytosis in  pernicious  malaria  may  result  from  rapidly  progressive  ansemia. 
They  find  it  to  be  of  frequent  occurrence  in  hfemoglobinuric  fever,  and  in 
cases  attended  with  severe  diarrhoea. 

The  presence  of  eosinophile  cells  may  l)e  noted  in  most  cases  of  malarial 
fever,  and  these  cells  are  usually  increased  in  number  during  afebrile 
periods.  Grawitz  rightly  regards  this  feature  as  of  diagnostic  importance, 
as  in  most  diseases  likely  to  be  confused  with  malaria  eosinophile  cells  are 
long  absent  or  scarce.  Bastianelli  and  Bignami  found  that  eosinophile  cells 
diminish  during  the  paroxysm,  and  increase  during  apyrexia.  while  the 
blood  is  regenerating.  In  two  ca.ses  of  pernicious  malaria,  with  many 
parasites,  they  found  many  mononuclear  leucocytes  and  a  very  few  eosino- 
phile myelocytes,  similar  to  those  seen  in  myelogenous  leukemia. 

In  the  present  eases  the  tisual  bvliavior  of  tlie  leut-oeytes  was  noted 
in  the  majority  of  instances. 

In  some  severe  and  prolonged  eases  the  lymphocytosis  was  a  marked 
feature,  these  cells  being  distinctly  increased  in  number.  Eosinophile 
cells  were  never  found  greatly  increased,  but  their  nearly  constant  ap- 
pearance in  patients  who  were  suffering  from  continuous  or  intermit- 
tent fever  furnished  a  somewhat  peculiar  feature  of  the  blood  of  ma- 
larial infection. 

In  some  pernicious  cases  moderate  polynuclear  leucocytosis  was  ob- 
Ptived:  and  in  a  few  cases  complicated  by  pneumonia,  colitis,  or  severe 
cachexia,  a  considerable  leucocytosis  was  found.  In  two  of  the  fatal 
cases  reported  in  this  study,  and  in  others,  ante-mortem  leucocytosis 
was  observed,  but  the  majority  of  fatal  cases  failed  to  show  distinct 
leucocytosis.  These  estimates  were  all  based  on  the  examination  of 
dry  specimens. 
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rigmented  Uucocytes  were  seen  in  the  majority  of  eases,  most  abund- 
antly in  the  severe  and  long-established  fevers.  They  were  found  in 
nearly  all  fatal  cases,  but  were  most  abundant  in  a  case  which  recov- 
ered (Xo.  238).  It  appeared  that  pigmented  leucocytes  were  more 
close!}'  related  to  the  severity  of  the  antecedent  paroxysms  than  to  the 
extent  of  the  pigment  deposits  in  the  viscera. 

They  were  most  abundant  during  and  shortly  after  the  febrile  period, 
but  were  repeatedly  found  in  afebrile  cases  and  after  parasites  had 
disappeared  from  the  blood.  The  phagocytic  cells  seen  in  the  blood 
included  mononuclear  and  polynuclear  leucocytes  and  endothelial  cells. 
The  large  and  small  mononuclear  cells  were  most  often  found  to  con- 
tain pigment  or  parasites  (Plate  X,  Fig.  6),  but  in  a  few  cases,  for 
reasons  not  clear,  large  numbers  of  polynuclear  leiTCOcytes  were  found 
harboring  rosettes,  other  forms  of  parasites,  and  pigment  (Plate  X, 
Fig.  5).  In  a  few  cases  very  large  endothelial  macrophages  were  found 
in  the  blood  containing  parasites  in  all  stages  of  degeneration  (Plate 
X.  Fig.  4). 

The  objects  englobed  by  phagocytes  as  seen  in  the  circulation  in  • 
eluded:  (1)  Parasites,  free  or  inclosed  in  red  cells;  (2)  Pigment  elabo- 
rated by  parasites,  usually  in  small  clumps,  sometimes  in  large 
masses;  (3)  Hsematoidin  derived  from  the  destruction  of  red  cells; 
(4)  Haemosiderin  derived  from  the  detritus  of  red  cells;  (5)  Intact  or 
broken  red  cells;  (6)  Other  leucocytes.  Crystalline  pigment  was  often 
seen  in  leiicocytes  in  sections  of  tissues  but  never  in  the  circulating 
blood  during  life.  The  degenerative  changes  in  phagocytic  leucocytes 
mentioned  by  Bastianelli  and  Bignami,  including  vacuolation  and  di- 
minished staining  capacity  of  nuclei,  were  noted  in  many  severe  cases. 
The  number  of  vacuolated  leucocytes  (Plate  XI,  Fig.  S)  found  in 
the  blood  was  always  considerable  and  sometimes  very  large. 

LYMPH    NODES. 

The  abdominal  lymph  nodes  were  examined  in  all  cases,  and  usually 
found  moderately  swollen,  but  always  without  signs  of  pigmentation. 
Microscopic  examination  was  made  in  two  cases  only;  in  these  the 
nodes  were  hj'perplastic,  the  l^anph  sinuses  were  invisible,  the  stroma 
contained  many  mast-cells,  and  there  was  a  scanty  deposit  of  pigment, 
mostly  in  the  endothelial  cells. 

LUNGS. 

In  gross  appearance  the  lungs  in  pernicious  malaria,  both  in  these 
and  in  other  reported  cases,  presented  little  that  is  characteristic  of 
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the  disease.  They  commonly  contain  a  considerable  deposit  of  pig- 
ment and  are  often  very  dark  colored,  but  this  feature  is  usually  not 
distinctly  characteristic,  owing  to  the  simultaneous  presence  of  anthra- 
cotic  pigment,  hypostatic  congestion,  and  frequently  of  jaundice. 

Somewhat  peculiar  areas  of  lobular  pneumonia  were  foimd  in  two 
cases,  and  have  been  described  by  Bignami,  but  the  exudate  was  com- 
posed of  the  ordinary  elements,  and  the  iullammation  was  not  specially 
connected  with  the  growth  of  parasites. 

Microscopically,  the  lungs  are  Tisually  found  to  contain  a  very  large 
number  of  pigmented  cells,  sifted  from  the  general  circulation,  and 
in  some  cases  a  moderate  additional  deposit  elaborated  by  the  parasites 
in  the  pulmonary  capillaries.  Some  large  pulmonary  macrophages, 
probably  derived  from  other  viscera,  were  found,  filling  a  considerable 
Icngtli  nf  the  capillary.  Thrombi  composed  of  svich  cells,  with  pig- 
mented leucocytes,  swdlleii  endoilielium.  and  infected  red  cells  were 
not  infrequently  found  in  tlu'  pulmonary  capillaries  of  Case  II.  The 
lungs  were  cedematous  l)ut  free  from  hepatization. 

There  appear  to  be  no  recorded  instances  oF  an  excessive  growth  of 
l)arasites  in  the  lungs  comparable  with  that  found  in  other  viscera. 
Bignami  speaks  of  a  rusty  color  of  tlie  S]nitum  in  some  cases  of  bron- 
chitis in  pernicioiis  malaria,  which  be  regards  as  of  little  clinical  im- 
port, and  I  can  find  no  report  of  the  microscopic  examination  of  such 
sputum,  or  of  the  lungs  and  broiiclii  in  such  cases,  to  show  that  an 
excessive  growtli  of  jiarasites  in  tlu'  lungs  may  give  this  character  to 
the  sputum. 

From  what  has  been  shown  of  the  action  of  tlie  lungs  in  sifting  bac- 
teria and  leucocytes  from  the  blood  in  infectious  diseases,  it  might  l)e 
expected  that  the  lungs  would  suffer  severely  in  malarial  infection. 
Their  comparative  immunity  in  this  instance  may  ])erhaps  he  referred 
to  the  ra])idity  of  tlu'  capillary  circulation  and  the  abundance  of 
oxygen. 

(AKDIAC    .MUSCI.K. 

Frcncli  writers  esperially  ((pu)ted  by  Lavi'ran)  have  laid  emphasis  on 
tile  pallor  and  llacciility  of  the  niyoeardiuni  in  pernieions  nuilaria. 
'I'lial  eonililiiin  was  miled  in  neai'ly  all  the  present  cases  at  antojisy. 
In  Case  II  nearly  all  tissues,  including  the  heart  muscle,  were  nioi'c  or 
less  discolored  hv  malarial  pigment.  in  Case  \'ll.  the  heart  muscle 
was  generally  light  cdlcired.  hut  exhibited  n  slight  hrownish  tinge  re- 
ferred at  the  time  tn  the  Jaundice. 

MieroscojiicMlly,    there    \vci-c    no    ]ironnunced    changes    I'oniul    in    the 
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iiuiscle  cells,  but  the  perinuclear  mass  of  large  greenish  granules  was 
sometimes  very  abundant.  Mast-cells  were  sometimes  found  in  un- 
usual numbers  in  the  endoraysium.  Distinct  fatty  changes  were  not 
observed.  With  one  exception,  little  pigment  and  few  f)arasites  were 
found  in  the  capillaries.  In  Case  II  there  was  a  notable  exception 
to  the  usual  rule  and  very  large  numbers  of  young  parasites  and  pig- 
mented cells  were  found  completely  filling  distended  capillaries  through- 
out the  heart  wall  (Plate  X,  Fig.  7).  Although  numerous  parasites 
M  ere  found  in  other  viscera  and  the  brain  was  not  examined,  there  was 
an  excessive  proportion  in  the  heart  muscle,  while  cerebral  symptoms 
were  late  and  cardiac  failure  was  the  most  prominent  clinical  symptom. 

Of  similar  cases,  Benvenuti  °°  has  reported  one  in  which  the  heart's 
ca]nllaries  were  filled  with  infected  red  cells,  the  endothelium  pig- 
mented and  degenerated,  the  muscle  fibres  swollen,  their  striation  in- 
distinct and  the  yellow  pigment  increased.  In  the  brain  it  appears 
that  there  were  as  many  parasites  as  in  the  heart,  and  many  were  also 
found  in  the  kidney.  Coma  and  cardiac  dyspnoea  were  the  principal 
symptoms.  In  another  case  Benvenuti  found  many  joarasites  in  brain, 
kidney,  and  heart,  while  the  principal  symptom  was  stupor.  The 
clinical  histories  accompanying  these  reports  are  meagre  for  the  pres- 
ent purpose,  and  it  is  difficult  to  judge  of  the  relative  number  of  para- 
sites in  the  different  viscera.  I  have  been  unable  to  find  in  the  litera- 
ture any  other  reports  of  such  cases.  Theobald  Smith,  however,  finds 
that  in  Texas  cattle  fever  very  large  numbers  of  parasites  are  com- 
monly found  in  smears  made  from  the  heart  muscle. 

The  available  evidence,  therefore,  hardly  seems  to  warrant  a  positive 
conclusion  that  acute  cardiac  failure  in  pernicious  malaria  may  result 
from  a  massing  of  parasites  in  the  cardiac  muscle,  and  it  would  be  safer 
to  conclude  from  the  present  case  merely  that  the  condition  of  the 
cardiac  and  skeletal  muscles  demands  more  attention  than  is  generally 
paid  to  these  tissues  in  ]iat]io]ogical  studies  of  malaria. 

Grossly,  the  kidneys  in  pernicious  malaria  usually  give  evidence  of 
acute  degeneration  in  their  .slightly  increased  size,  diminished  consist- 
ence, rather  pale  cortex,  and  indistinct  but  regular  markings.  There 
are  usually  no  characteristic  signs  of  malarial  infection.  In  Case  I 
the  medulla  and  papillae  exhibited  a  somewhat  peculiar  darkening  of 
color,  from  the  unusual  deposits  of  pigment.  In  some  cases  of  black- 
en/'o/iY-Jmiro,  1896,  iii-M.,  p.  .390. 
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water  fever  the  presence  of  extra-vascular  blood  in  cortex  and  medulla 
considerably  alters  the  above  description,  as  in  Case  A'll.  In  Case  V 
the  cortex  was  very  light  colored,  while  the  medulla  and  papilkv  were 
deep  rust-colored  from  the  large  numbers  of  parasites  in  the  capillaries 
in  these  areas.  In  this  case  there  «as  also  a  large  superficial  anaemic 
infarct. 

Microscopically,  the  usual  lesions,  well  illustrated  in  tlie  present 
cases,  consist  in  granular,  hydropic,  and  fatty  degeneration,  pigmenta- 
tion by  ha?mosiderin  granules,  and  sometimes  isolated  or  diffuse  ne- 
crosis of  convoluted-tubule  cells.  The  intertubular  capillaries  usually 
contain  moderate  numbers  of  pigmented  leucocytes,  macrophages,  and 
infected  red  cells,  while  the  glomeruli  gather  a  larger  number  of  simi- 
lar elements. 

The  kidney  rarely  suffers  from  the  accumulation  of  growing  para- 
sites, as  does  the  brain,  the  mucous  membranes,  etc.,  a  fact  referred 
by  Bignami  to  the  rapid  circulation  in  the  organ.  In  blackwater  fever 
I  can  find  no  reports  of  excessive  numbers  of  parasites  in  the  kidney, 
and  in  other  cases,  as  a  rule,  the  numbers  of  i)arasites  have  not  ex- 
ceeded those  in  the  peripheral  blood. 

On  the  other  hand,  the  eliminative  function  of  the  kidney  exposes  it 
to  the  effects  of  the  toxa?mia  of  malaria,  so  that  albuminous  urine  is  a 
very  common  clinical  sign  in  acute  pernicious  malaria,  especially  if  pro- 
tracted, while  the  condition  of  the  renal  cells  in  the  present  cases,  and 
in  most  others  reported,  shows  nearly  constantly  a  considerable  damage 
to  the  organ  from  this  cause.  The  lesions,  however,  were,  in  most  of 
the  present  cases,  of  a  purely  degenerative  type,  without  evidence  of 
exudation  into  the  stroma  or  other  changes  in  the  connective  tissue. 
In  Case  III  the  degenerative  changes  were  very  intense,  many  cells  were 
extensively  eroded,  and  some  necrotic,  and  allliougli  the  tubules  were 
dilated,  and  casts  and  granular  coagulum  were  present  in  considerable 
abundance,  indicating  a  near  approach  to  exudative  nephritis,  yet  there 
were  no  leucocytes  in  tlie  tubules  and  no  Unu-ocytes  or  serum  in  the 
stroma. 

With  the  minor  exception  of  a  slight  glomeruliti.s,  described  in  one 
case  by  Bignami,  no  more  serious  lesions  have  been  found  in  the  kidney 
in  uncom]ilicated  acute  nmlaria.  That  the  lesions  are  entirely  out  of 
proportion  to  the  number  of  parasites  in  the  organ  and  are  prol)ably 
of  toxic  origin  has  l)een  generally  accepted.  Tiie  peculiar  very  abund- 
ant deposit  of  ha'mosiderin  granules  in  the  renal  cells,  as  illustrated  in 
extreme  degree  in  Cases  III  and  VII,  is  a  somewhat  cliaractcristic 
feature  of  the  malarial  kidney,  but  is  sometimes  seen  in  other  diseases. 
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The  anomalous  condition  of  the  medulhiry  tubules  in  Case  I,  the 
lining  cells  containing  enormous  numbers  of  pigment  wreaths,  has 
already  been  considered  in  the  report  of  that  case  (p.  124:).  Changes 
characteristic  of  "  blackwater  fever "  were  found  in  Case  YII,  and 
consisted  in  extreme  congestion,  numerous  small  hfemorrhages,  exces- 
sive deposits  of  granular  and  crystalline  pigment,  probably  derived 
from  dissolved  hemoglobin,  and  peculiar  necrosis  of  tubule-cells.  In 
Case  V  the  intense  and  peculiar  degeneration  of  the  tubule  cells  seerab 
referable  in  part  to  the  obstructed  circulation  from  thrombi  of  in- 
fected red  cells,  while  the  haemorrhagic  type  of  the  nephritis  was  dis- 
tinctly the  result  of  localization  of  parasites  in  the  renal  capillaries. 

GASTKO-IXTESTIXAL  TRACT. 

In  six  of  the  present  cases  no  gross  lesions  in  the  gastro-intestinal 
mucosa  were  to  be  found.  In  one  case  (III)  considerable  diarrhoea  of 
long  standing  failed  to  leave  any  traces  of  inflammation  in  the  intestine 
or  colon.  In  Case  YII  an  intense  catarrhal  colitis  was  apparently  not 
caused  directly  by  the  malarial  infection,  as  only  moderate  traces  of 
parasites  and  pigment  were  found  in  the  intestinal  wall. 

In  Case  VIII  amoebic  dysentery  of  moderate  extent  was  combined 
with  intense  general  malarial  infection,  but  sections  of  the  ulcers, 
while  showing  large  numbers  of  the  amcebse,  exhibited  very  scanty 
traces  of  malarial  infection,  no  parasites  and  few  pigmented  leucocytes 
being  found. 

These  cases  indicate  that  marked  diarrhoea  in  pernicious  malaria 
may  occur  without  anatomical  changes  in  the  intestinal  mucosa,  or 
may  result  from  a  secondary  catarrhal  colitis  not  directly  caused  by 
the  malarial  parasite,  or  may  result  from  amoebic  colitis,  in  which  the 
malarial  infection  is  not  directly  concerned.  It  has  already  been 
shown  also  that  haematemesis,  severe  diarrhoea,  and  paroxysms  resem- 
bling Asiatic  cholera  occur  as  the  result  of  the  massing  of  parasites  in 
the  gastro-intestinal  mucosa. 

.\ccording  to  Marchiafava,  in  the  choleriform  malarial  cases,  tlie  parasites 
are  very  abundant  in  the  mucosa  of  the  small  intestine,  but  scarce  or  absent 
elsewhere.  Infected  red  cells  may  be  identiiied  in  the  stools,  which  are 
often  bloody.  The  intestine  contains  bloody  fluid  and  flocculi  of  mucus. 
The  mucosa  is  swollen,  congested,  and  shows  superficial  ha»morrhages  and 
erosions.  It  is  often  dark  brown  or  chocolate  colored,  while  the  unaffected 
light  .solitarj-  follicles  project  prominently.  Microscopic  examination  .shows: 
(II  injection  of  vessels  of  mucosa  and  especially  of  villi  with  blood  con- 
taining many  parasites:  (2)  necrosis  of  epithelium  of  villi  and  mucosa,  in 
which  areas  neither  nuclei  nor  parasites  can  be  stained:  (?,)  infiltration  with 
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leucocytes  beneath  the  necrotic  areas:  (4)  bacterial  invasion  of  necrotic 
tissue;  (5)  mitotic  division  of  nuclei  of  sound  epithelial  cells;  ((i)  freedom 
from  parasites  of  vessels  of  submucosa,  which  contain  many  pigmented 
leuccicytes. 

In  Case  II,  although  a  considerable  number  of  parasites  was  found  in 
the  intestinal  mucosa,  there  were  no  changes  referable  to  their  pres- 
ence, and  the  patient  did  not  suffer  from  diarrhwa. 

There  has  apparently  been  little  opportunity  to  ascertain  the  character 
of  reparative  processes  which  may  follow  the  acute  lesions  in  choleriform 
pernicious  malaria,  since  such  eases  are  usually  fatal.  Pensuti,-'  however, 
has  furnished  one  observation  of  interest  in  this  connection.  .V  patient  who 
had  suffered  in  November,  1892,  from  severe  malaria  with  vomiting-  and 
profuse  diarrhcea.  ^vas  treated  actively  by  quinine,  but  the  diarrha>a  per- 
sisted and  he  died  of  broncho-pneumonia  in  February,  lS9:i.  In  the  intes- 
tine, especially  in  the  ileum,  the  mucosa  was  hyperiemic,  and  showed  some 
amyloid  chang-es  in  the  vessels.  In  many  places  there  was  complete  dis- 
appearance of  the  glandular  layer,  which  was  replaced  by  young  connective 
tissue.  The  remaining  islands  of  glandular  tissue  showed  marked  liyper- 
tro])hj'  of  alveoli.  .V  good  deal  of  jiigment  (character  not  stated)  was  fourul 
in  the  mucosa.  I'ensuti  regarded  the  lesion  as  referable  to  the  toxic  effects 
of  malaria. 

There  seems  to  be  little  pathological  evidence  on  which  to  discuss 
the  relation  to  malaria  of  some  forms  of  tropical  colitis  not  ama>bic, 

but  often  associated  with  i)crnicioiis  malaria. 

CENTRAL  XERVOrS   SYSTE.M- 

Groas  (i/ipedraiiirs. — In  some  cases  of  comatose  nudaria  witii  rirli 
infection  the  brain  presents  a  characteristic  brownish  discoloration, 
most  marked  in  the  gray  matter,  which  results  from  deposits  of  pig- 
ment. This  condition  has  been  found  in  a  (-onsiderabU>  number  of 
cases,  but  by  no  means  in  all.  In  in  cases  Kclsch  and  Kiener  found 
marked  discoloration  of  the  cortex  in  !),  and  faint  changes  in  11  cases. 
^Mu'U  present  it  invarial)ly  indicates  tlic  ]n-esence  of  a  very  large  num- 
ber of  ])arasitcs  and  nnu-h  jiigment  in  tlie  lir.iin  lissue.  Its  absence,  (ui 
the  other  liand.  by  no  means  excludes  the  proeme  of  a  hirge  nundier 
of  i)igmeiit-free  parasites  in  the  gray  matter,  a  I'aet  wiru-h  was  apparent 
in  some  of  my  cases  not  rcjiorted  here,  and  which  is  I'eferahle  to  several 
causes.  'I'he  a'stivo-antumnal  parasite  is  not  always  a  very  active  jiig- 
tiu'nt-producer,  and  (iiiarniei'i  and  liignami  lia\c  depicted  eereliral 
capillaries  ciim|ilelely  llinnnliosed  by  pigmenl-fi-ee  rosettes.    \'ery  large 

■'I  Gmz.  timl.  <ll  Km, HI,  IS'.i:!,  xix,  p.   y2\. 
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numbers  of  J'oung  parasites  may  therefore  be  present  in  a  tissue 
which  shows  very  little  gross  evidence  of  pigmentation.  The  discolor- 
ation resulting  from  jaundice,  which  frequently  complicates  fatal  ma- 
laria, may  obscure  the  effects  of  malarial  pigmentation.  Finally,  as 
will  subsequently  be  shown,  the  majority  of  cases  of  comatose  malaria 
do  not  exhibit  a  massing  of  parasites  and  pigment  in  the  brain,  so  that 
the  characteristic  discoloration  of  the  gray  matter  sometimes  found  is 
not  to  be  expected  in  these  cases.  Accordingly  of  eight  cases  of  coma- 
tose pernicious  malaria  in  which  I  was  able  to  examine  the  brain  a 
brownish  discoloration,  which  could  be  regarded  as  absolutely  char- 
acteristic of  malaria,  was  not  found  in  any.  Most  of  the  eases  were 
jaundiced,  but  in  two  others  showing  many  parasites  the  discoloration 
present  was  too  faint  to  be  regarded  as  pathognomonic  of  the  disease. 

Multiple  haemorrhages  in  the  gray  matter  have  been  described  in 
comatose  malaria  by  Guarnieri,  Bignami,  Marchoux,"  Monti,  Bastia- 
nelli,  Blanc,  and  Spiller.^  These  lesions  were  not  discovered  in  any 
of  my  cases.  In  Bastianelli's  ease  the  haemorrhages  were  limited  to 
the  cerebellum,  while  disturbances  of  equilibrium  were  said  to  have 
been  prominent  symptoms  during  life.  In  a  case  reported  by  Blanc, 
in  addition  to  numerous  capillary  haemorrhages,  there  was  a  large  sub- 
cortical clot. 

Pial  fpdema  of  moderate  grade  has  been  found  in  the  majority  of 
cases,  but  cannot  be  regarded  as  of  special  significance. 

Blanc  and  Borrut  claim  to  have  observed  true  inflammatory  exuda- 
tive lesions  in  the  brain  in  pernicious  malaria,  but  their  observations 
have  not  been  confirmed.  Maillot,  in  1851,  mentioned  two  cases  of  red 
softening  of  the  lower  dorsal  cord. 

Microscopic  chaiir/es. — The  microscopic  appearances  of  the  brain  tis- 
sue in  the  tj'pical  cases  of  pernicious  malaria  of  cerebral  type  are  too 
well  known  to  warrant  minute  description  here.  The  principal  feat- 
ure is  the  massing  of  red  cells  infected  with  various  forms  of  astivo- 
autumnal  parasites  in  the  capillaries.  Usually  the  parasites  have  been 
found  uniformly  distributed  in  the  brain  and  cord,  but  Marchiafava  '* 
observed  a  case  wi+h  bulbar  symptoms,  in  which  there  was  special 
localization  in  the  medulla,  and  in  a  case  of  Bastianelli's  the  limitation 
of  haemorrhages  to  the  cerebellum  indicated  a  special  massing  of  para- 
sites in  that  region.     The  numbers  of  these  parasites  are  sometimes 

«  Aiiiialex  de  V ImlHut  Pasteur,  1897,  xi,  p.  640. 
■i^  Amer.  Journ.  Med.  Scienees,  1900,  exx,  p.  639. 
«  Larori  d.  III.  Congr.  di  med.  int.,  Roma,  1890,  p.  142. 
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CDormous,  often  partly  or  completely  occluding  the  lumen  of  the  vessel. 
Complete  thrombosis  frequently  results  from  the  agglutination  of  in- 
fected red  cells,  pigmented  leucocytes,  and  swollen  endothelial  cells. 
Capillary  haemorrhages  result  in  the  neighborhood  of  such  thrombi, 
and  are  probably  preceded  by  degenerative  changes  in  the  capillary 
endothelium.  While  most  of  the  fixed  pigment  is  found  in  the  endo- 
thelium and  in  circunivascular  lymph  spaces,  parasites  are  rarely  seen 
in  the  endothelial  cells,  ilonti,  however,  describes  well  preserved 
parasites  in  degenerating  endothelia  and  believes  that  the  parasites 
are  sometimes  capable  of  development  in  these  cells.  Such  an  occur- 
rence is  at  least  unusual. 

To  the  general  condition  of  ol)structod  circulation  it  is  probably  safe 
to  refer  the  marked  cerebral  symptoms  of  such  cases  of  acute  perni- 
cious malaria. 

The  infiltration  of  pericellular  lymph  spaces  with  small  round  cells, 
which  is  seen  in  many  infectious  diseases,  was  noted  in  some  of  the 
present  cases,  but  not  in  excessive  degree. 

The  deposit  about  the  ganglion  cells  of  peculiar  masses  of  variously 
twisted  threads  and  rods  staining  densely  with  methylene  blue,  was 
noted  in  the  description  of  Case  II. 

Considerable  attention  has  been  paid  in  recent  years  to  the  condition 
of  the  ganglion  cells  in  comatose  cases  of  malaria.  Monti  studied  the 
changes  in  the  ganglion  cells  in  several  cases  by  means  of  Golgi's 
method.  In  some  instances  no  important  alterations  of  the  ganglion 
cells  were  found.  In  others,  with  severe  nervous  symptoms,  extensive 
changes  were  discovered,  of  focal  distribution,  affecting  principally  the 
dendrites.  These  processes  were  thinned  in  places  and  beset  with  many 
small  swellings,  and  the  changes  affected  either  the  finest  twigs  only, 
or  the  entire  dendritic  system,  or  the  cell  body  itself  was  shrunken 
and  irregular.  Some  dendrites  showed  the  usual  changes  of  varicose 
atrophy.  The  axis  cylinder  processes  were  sometimes  found  normal, 
but  in  the  severe  comatose  cases  extensive  changes  of  the  above  types 
affected  the  axis  cylinder  as  well  as  the  dendritic  processes.  Monti 
referred  the  changes  to  occlusion  of  capillaries,  finding  them  very 
similar  to  the  lesions  produced  by  multi])le  emboli  produced  by  intra- 
vascular injection  of  lycopodium. 

The  lesions  in  the  ganglion  cells  demonstrated  l)y  NisslV  method 
have  appeared  in  the  present  cases  not  to  differ  essentially  from  those 
seen  in  other  infectious  diseases  with  marked  cerebral  syin])toms. 
These  changes  consist  priiu-ijiiiUy  in  varying  degrees  of  cbniiiiatolysis 
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affecting  the  cortical  cells  rather  uniformly,  but  the  cells  of  the  bulbar 
nuclei  more  irregularly.  The  earlier  stages  of  the  lesions  include  re- 
duction in  size,  irregularity  and  subdivision  of  the  chromatic  bodies, 
usually  beginning  in  the  dendrites,  later  involving  the  cell  body.  In 
more  advanced  stages  the  chromatic  bodies  are  largely  destroyed,  and 
a  moderate  number  of  cells  may  be  entirely  bereft  of  chromatic  sub- 
stance. The  more  serious  lesions  of  true  acute  degeneration,  such  as 
destruction  of  eyto-reticulum,  shrinkage  and  cleavage  of  cell  body, 
vacuolation,  and  nuclear  changes,  were  seldom  seen  in  my  cases. 

As  to  causation  of  these  lesions,  probably  local  disturbances  of  cir- 
culation are  a  more  important  factor  in  malaria  than  in  most  other 
diseases,  but  the  comparative  uniformity  of  the  lesions  noted  indicates 
that  a  general  toxemia  is,  even  in  cerebral  cases,  the  more  important 
pathogenic  agent. 

A  great  variety  of  nervous  sgmptoms  referable  to  disturbances  of  the 
central  nervous  system  have  been  attributed  to  malarial  infection  by  early 
writers  whose  reports  lack  the  evidence,  now  demanded,  of  a  positive  blood 
examination.  The  rather  extensive  literature  of  this  subject  has  been 
fully  considered  by  Mannaberg,  and  in  a  recent  article  by  Bardellini.^' 

Since  the  discovery  of  the  parasite,  there  is  good  clinical  and  in  some 
cases  anatomical  evidence  indicating-  that  many  of  the  nervous  symptoms 
early  referred  to  malaria  may  really  be  dependent  on  mechanical  or  toxic 
lesions  resulting  from  this  infection.  Authentic  cases  have  been  reported 
showing  hemiplegia  (Marchiafava,  Vespa);  general  convulsions  (Marchia- 
fava,  Bignami,  Baccelli);  tetanic  spasms  after  acute  malaria  (De  Francesco); 
athetoid  movements  (Boinet  and  Salebert) ;  disturbances  of  equilibrium 
(Bastianelli,  Bignami) ;  trismus,  nystagmus,  various  toxic  and  clonic  spasms 
(by  man}'  writers) ;  post-malarial  psychical  disturbances  (Pasmanik,  Segard, 
and  many  others) ;  symptoms  of  disseminated  -sclerosis,  paresis,  increased 
reflexes,  ataxia,  bulbar  paresis,  in  two  cases  (Angelini  and  Torti) ;  electric 
chorea  of  Dubini  (Bastianelli  and  Bignami);  paralysis  of  the  bladder  from 
spinal  lesions  (Bardellini) :  hyperidrosis  from  affection  of  the  sympathetic 
(Bardellini);  and  polyneuritis  somewhat  resembling  Landry's  paralysis 
(Bardellini,  Torti,  Mesnard).  Bardellini  concludes  that  when  nervous 
lesions  are  transitory  they  are  probably  embolic,  but  when  permanent  they 
are  probably  complicated  by  multiple  hsemorrhages.  In  a  review  of  the 
recent  literature  he  could  find  no  satisfactory  evidence  that  periodic  neu- 
ralgias may  be  directly  referable  to  malarial  infection. 

It  must  be  admitted  that  while  the  etiology  in  most  of  the  above 
cases  was  probably  malarial,  yet  the  evidence  is  generally  unsatisfac- 
tory and,  usually  lacking  anatomical  support,  is  inconclusive,  while 
in  some  instances  the  malarial  infection  was  clearly  secondary  and  had 
nothing  to  do  with  the  chronic  lesions. 

^^  Annali  di  medicina  navale,  1898,  iv,  p.  919. 
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Coma  in  pernicious  malaria. — From  the  study  of  64  cases  of  malarial 
coma  at  Montauk  and  in  New  York,  some  of  which  are  included  in  the 
present  series,  it  appears  that  this  cerebral  symptom  in  malaria  occurs 
in  three  rather  distinct  clinical  pictures  and  under  three  entirely  differ- 
ent pathological  conditions. 

(1)  Malarial  coma  may  he  referable  to  massing  of  young  amoehoid  para- 
sites in  the  cerebral  capillaries. 

This  type  of  coma,  which  has  long  been  recognized  as  a  frequent 
form  of  pernicious  malaria,  is  illustrated  in  Case  III  in  which  the 
cerebral  sjTnptoms  were  found  to  be  associated  -n-ith  an  extensive  mass- 
ing of  parasites  in  the  cerebral  capillaries,  while  the  deepening  stages  of 
coma  could  apparently  be  connected  with  the  increase  in  size  of  the 
parasites  and  the  gradual  filling  of  the  vessels  with  thrombi  of  infected 
red  cells,  pigmented  leucocytes,  and  swollen  endothelial  cells.  Xo  capil- 
lary haemorrhages  were  discovered. 

Clinically,  the  coma  resulting  from  this  pathological  condition  is 
rather  slowly  established  in  the  course  of  active  infections,  when  many 
young  parasites  are  found  in  the  finger  blood  and  whcu  the  tempera- 
ture is  elevated.  The  patient  is  usuallj'  first  delirious,  then  mildly 
comatose,  then  deeply  comatose,  finally  stuporous,  with  abolition  of 
pupillary  and  other  reflexes,  and  almost  always  dies  within  48  hours 
after  the  beginning  of  marked  cerebral  symptoms.  Of  11  such  cases 
observed  at  Montauk  10  died,  and  very  vigorous  treatment  succeeded 
in  saving  only  one. 

(2)  Malarial  coma  may  be  referable  to  embolic  processes  unth  temporary 
occlusion  of  vessels  in  small  areas  of  the  brain,  and  wiilwnl  uniform  mass- 
iug  of  parasites  in  cerebral  capillaries. 

In  these  cases  the  coma  develops  suddenly  and  may  be  as  suddenly 
recovered  from.  In  a  case  previously  reported  the  patient  three  limes 
in  five  days  fell  back  unconscious  in  bed,  his  pipe  dropping  from  his 
mouth,  but  after  a  variable  period  he  recovered  consciousness,  picked 
up  his  pipe  and  resumed  smoking.  From  this  very  transient  form  the 
duration  of  the  coma  may  be  much  more  prolonged  and  serious,  but  it 
is  seldom  fatal.  It  may  occur  in  febrile  or  afebrile  cases  and  may 
exhibit  distinct  symptoms  of  focal  irritation  or  meningitis.  In  the 
blood,  few  or  many  crescents,  sometimes  tertian  parasites,  but  very 
few  rings  are  usually  found,  and  occasionally  no  parasites  can  be  dis- 
covered. Emboli  of  parasites,  pigmented  leucocytes,  and  visceral  ma- 
crophages, seems  to  be  the  only  anatomical  lesion  which  can  explain 
such  symptoms.     They  arise  in  established  cases  of  the  disease  and 
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on  microscopic  examination  extensive  malarial  lesions  are  found  in  the 
viscera  but  few  or  no  parasites  are  to  be  found  in  the  brain.  Although 
crescents  or  tertian  parasites  may  be  abundant  in  the  peripheral  blood 
in  these  cases,  I  have  not  seen,  nor  been  able  to  find  in  the  literature 
report  of  any  case  in  which  large  numbers  of  crescents  or  tertian  para- 
sites were  found  occluding  cerebral  vessels,  and  it  appears  that  these 
parasites  do  not  exhibit  the  tendency  to  unequal  distribution  in  any 
degree  comparable  with  the  fertile  sestivo-autumnal  forms. 

(3)  Malarial  coma  may  he  rcferahle  to  the  general  to.xcemia  of  ihe  in- 
fection. 

In  these  cases  the  coma  usually  develops  slowly  l)ut  may  in  cachectic 
cases  be  ushered  in  suddenly,  apparently  by  some  embolic  process.  It 
is  often  of  prolonged  duration  and  not  being  caused  by  massing  of 
young  parasites  in  cerebral  vessels  it  is  unaffected  by  quinine.  Occur- 
ring only  in  severe  cases  and  being  associated  with  serious  toxic  lesions 
in  many  viscera  it  is  nearly  always  fatal. 

Cases  I  and  IV  of  the  present  series  illustrate  this  type  of  coma. 
These  patients  were  comatose,  one  at  least  three  days  and  the  other 
for  two  weeks  before  death.  As  no  other  cause  for  the  coma  was 
found  it  had  to  be  referred  to  the  malarial  infection,  which  was  very 
severe  and  long  established.  These  cases  differed  radically  from  the 
classical  type  of  comatose  malaria,  as  in  one  only  a  few  crescents,  and 
in  the  other  only  tertian  parasites,  were  present  in  the  blood,  and  no 
parasites  and  comparatively  little  pigment  were  found  in  the  brains. 
They  show  conclusively  that  the  coma  of  pernicious  malaria  is  not 
always  referable  to  the  presence  of  parasites  in  the  cerebral  capillaries. 
In  the  Montauk  series  ^'  there  were  four  other  fatal  cases  of  comatose 
a?stivo-autumnal  malaria  in  which  crescents  only  were  found  in  the 
blood,  and  one  other  fatal  tertian  ease  with  prolonged  coma.  Jancso 
and  Rosenberger "'  also  have  reported  a  fatal  comatose  case  in  which 
the  brain  contained  few  parasites,  which  were  abundant  in  the  other 
viscera,  the  coma  being  referred  by  the  authors  to  a  toxic  origin.  It  is 
possible  that  too  little  attention  has  been  paid  to  the  opinion  of  Guar- 
nieri  that  malarial  coma  may  sometimes  be  caused  by  obstruction  to 
the  portal  circulation.  This  opinion  was  based  upon  the  evident  ob- 
struction to  the  hepatic  circulation  commonly  found  in  the  liver  of 
pernicious  malaria,  and  upon  the  experimental  production  in  dogs  of 
coma  without  convulsions  by  ligature  of  the  portal  vein. 

•-'"Ewintr.  -V.    )'.  ^f,ll.  J,l,n■..^H'^9.  Ixix,  pp.  114;    14fl. 
•-■'  Ilenlwhi-x  Ari-h.  f.  klin.  Med.,  ISltfi,  Ivii,  ]).  449. 
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Uraemia  may  possibly  be  held  partly  responsible  for  some  cases  of 
this  type  but  the  clinical  picture  is  not  that  of  ursemia  and  the  renal 
changes  are  not  such  as  are  commonly  associated  with  uraemia. 

Distinct  differences  in  prognosis  belong  to  these  three  varieties  of 
coma. 

Of  eleven  cases  in  which  coma  supervened  during  the  development 
of  a  numeroiis  brood  of  parasites,  ten  were  fatal.  Some  of  these,  but 
not  all,  were  of  the  classical  cerebral  type  with  massing  of  parasites  in 
the  brain.  The  energetic  use  of  quinine  has  some  influence  in  such 
cases. 

When  coma  develops  gi-adually  in  severe  and  long  established  cases, 
with  few  young  parasites  in  the  blood,  it  is  usually  of  toxic  origin,  is 
unaffected  by  quinine,  and  is  almost  invariably  fatal. 

Of  33  cases  of  coma  developing,  often  suddenly,  in  cases  with  cres- 
cents only  in  the  blood,  there  were  but  three  fatalities. 

THE  MALARIAL  I'UiMEXTS- 

Two  forms  of  malarial  pigment  have  long  been  recognized.  One  of 
these,  melanin,  is  granular,  brownish,  elaborated  directly  by  the  para- 
site, according  to  Sacharoff  from  the  nuclear  remnants  in  the  red 
cell,  and  fails  to  give  the  Prussian  blue  reaction  of  hsemosiderin.  It 
is  not,  on  that  account,  necessarily  free  from  iron.  This  pigment  is 
dissolved  by  ammonium  sulphide  and  readily  by  heat,  but  long  resists 
the  action  of  strong  acids  and  alkalis,  and  I  have  found  it  to  be  insol- 
uble in  hardened  tissues  by  chloroform,  ether,  or  carbon  bisulphide. 

The  other  described  form  of  malarial  pigment  occurs  more  abund- 
antly in  protracted  cases,  as  small  yellowish  granules,  located  prin- 
cipally in  the  tissue  cells,  especially  in  the  liver,  kidney,  spleen,  and 
marrow.  It  yields,  when  fresh,  the  reaction  of  Prussian  blue,  but 
gradually  loses  this  reaction.  It  is  probably  the  hydrated  oxide  of 
iron  (Thoma). 

When  the  Hb.  of  red  cells  is  dissolved  in  the  plasma,  as  occurs  in 
poisoning  by  potassium  chlorate,  arsenic,  etc.,  and  in  diseases  such  as 
peinicious  anaemia,  scorbutic  ailments,  malaria,  septicaemia,  etc.,  it  may 
be  found  in  the  tissues  in  granidar  or  crystalline  form  and  of  dark 
brown  or  reddish  color.  Sometimes  such  Hb.  granules  are  soluble  in 
water,  but  more  often  they  are  altered  in  some  way  and  become  insolu- 
ble in  water,  when  they  have  been  called  '•  parahafmoglobin  "  by  Nencki. 
Piiraha?moglobin  is  very  nearly  identical  with  hn?matoidin,  which  is  fre- 
quently precipitated  in  gran\ilar  or  crystalline  form  from  blood  extra- 
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vasations,  and  both  are  soluble  in  chloroform  and  carbon  bisulphide. 
Perls,  Thoma,  and  Ziegler,  on  whose  authority  these  statements  are 
made,  leave  one  to  infer  that  since  melanin,  the  black  malarial  pigment, 
is  insoluble  in  chloroform,  etc.,  this  test  furnishes  a  chemical  reaction 
which  may  distinguish  hfematoidin  from  malarial  pigment.  On  sub- 
mitting formalin-hardened  tissues  containing  old  blood  extravasations 
to  the  action  of  chloroform,  I  find  that  two  weeks'  exposure  has  no 
effect  upon  the  granules  and  crystals  of  hsematoidin.  Possibly  they  had 
been  altered  by  age,  or  by  the  action  of  formalin,  but  the  same  result 
was  obtained  in  tissues  hardened  in  alcohol.  Both  hffimatoidin  and 
black  malarial  pigment  were  dissolved  by  ammonium  sulphide.  Accord- 
ingly I  failed  to  find  the  described  chemical  reactions  of  hajmatoidin  of 
])vactical  value,  at  least  in  hardened  tissues,  in  distinguishing  between 
malarial  pigment  and  the  granular  and  crystalline  deposits  derived 
from  destruction  of  red  blood  cells. 

Another  difficulty  arises  in  the  identification  of  malarial  pigment  in 
tissues.  Many  cases  of  pernicious  malaria  are  attended  with  marked 
jaundice.  In  many  cases  of  Jaundice  from  other  causes  bilirubin,  now 
regarded  as  identical  with  hrematoidin,  is  deposited  in  granular  or  more 
often  in  crystalline  form,  and  is  identical  in  color  with  hsematoidin  and 
with  much  pigment  found  in  the  bodies  of  malarial  parasites.  In  sec- 
tions of  two  cases  of  marked  jaundice  following  pneumonia,  one  in  a 
young  infant,  the  other  in  an  adult,  I  found  many  crystals  and  gran- 
ules of  bilirubin  (?)  (Perls,  Ziegler)  in  the  hepatic  endothelium.  In 
the  case  of  the  infant,  they  were  found  in  large  masses  in  the  liver 
cells  also,  as  well  as  in  many  leucocytes  in  various  organs,  which  very 
closely  resembled  the  pigmented  leucocytes  of  malaria.  Now  bilirubin 
in  fresh  bile  is  turned  green  by  formalin  and  gives  Gmelin's  reaction, 
l)ut  the  crystals  in  neither  of  these  cases  turned  green  in  formalin  nor 
gave  Gmelin's  reaction.  There  were,  however,  other  greenish  particles 
in  the  formalin-hardened  sections  of  both  livers.  In  both  eases  chloro- 
form failed  to  alter  the  crystals  in  two  weeks,  and  they  failed  to  give 
the  Prussian  blue  reaction.  That  the  crystalline  deposits  in  the  liver 
cells  of  the  new-born  infant  were  derived  from  the  bile  there  can  be 
little  doubt,  and  the  failure  of  the  reactions  may  be  explained,  as  is 
done  by  Gerhardt  and  others  (quoted  by  Perls),  who  find  that  in  many 
forms  of  jaundice  tirobilin  and  not  bilirubin  is  formed.  Urobilin  fails 
to  give  Gmelin's  reaction.  Formalin-hardened  sections  of  these  tissues 
were  treated  for  24  hours,  also,  in  carbon  bisulphide,  and  in  ether,  but 
no  change  in  the  pigment  was  observed.  The  same  negative  result 
was  obtained  with  sections  of  malarial  tissues. 
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These  cases  are  briefly  referred  to  iu  order  to  point  out  that  the 
jaundice  of  infectious  diseases  may  cause  deposits  of  pigment  which 
are  indistinguishable  morphologically,  and  by  all  ordinary  chemical 
procedures,  from  much  malarial  pigment.  Various  reports  of  the  find- 
ing of  malarial  pigment  in  the  liver  cells  in  pernicious  malaria  have 
possibly  not  been  made  with  full  recognition  of  this  fact.  The  positive 
identification  of  malarial  pigment  therefore  becomes  a  matter  of  great 
difticulty,  for  it  appears  from  the  above  considerations  that  in  malarial 
fever  one  may  meet  with  granular,  sometimes  crystalline  pigment  par- 
ticles, free  in  the  vessels  or  englobed  in  varioiTs  cells,  not  giving  the 
Prussian  blue  reaction,  nor  dissolving  in  chloroform,  ether,  or  carbon 
bisulphide,  but  dissolving  in  ammonium  sulphide,  which  may  have  any 
one  of  the  following  origins: 

(1)  Pigment  elaborated  by  the  intracellular  parasite. 

(2)  Hannatoidin  derived  from  the  remnants  of  infected  red  cells. 

(3)  Haniiatoidin  or  altered  haemoglobin  deposited  in  granular  or 
ci-ystalline  form  from  red  cells  dissolved  in  the  plasma.  (Htemoglobi- 
nuric  fever,  jaundice,  extravasated  blood,  post-mortem   processes.) 

(4)  Bilirubin  or  urobilin  granules  or  crystals. 

Throughout  the  study  of  the  present  cases,  in  addition  to  the  dark 
brownish  granular  pigment  inclosed  in  cells  or  parasites,  larger  dark 
brown  particles  exhibiting  more  or  less  crystalline  forms  were  frc- 
quenlrly  found.  When  scanty  they  were  usually  limited  to  the  spleen, 
but  in  Case  VII  there  were  excessive  deposits  in  all  viscera  except  the 
liver  and  spleen.  Since  the  pigment  in  parasites  is  invariably  granular 
and  not  crystalline —possibly  there  arc  rare  exceptions  in  the  crescentic 
bodies — the  above  considerations  render  it  extremely  probable  that 
the  strictly  malarial  pigment,  i.  e.,  that  derived  from  parasites,  is  never 
found  in  crystalline  form,  and  that  all  such  crystals  ought  to  be  referred 
to  some  other  origin.  ^loreover  as  the  detritus  from  dissolved  red  cells 
may  be  found  as  brownish  granules  in  the  ])odies  of  phagocytes,  it  can- 
not be  claimed,  even  for  the  pigmented  inacropbagos.  that  all  granular 
pigment  is  derived  from  parasites. 

When  one  follows  the  changes  that  onur  in  degenerating  parasites 
and  red  cells  within  a  macrophage,  there  are,  liowever,  certain  long- 
retained  characters  which  often  serve  to  distinguish  the  pigment  de- 
rived from  parasites  from  that  resulting  from  the  destruction  of  red 
cells. 

In  sections  of  tissues,  the  iiigincnl  witliin  parasites  is  invariably 
finely  granular,  first  appearing  as  one  or   two   line  grains,   later  as  a 
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larger,  more  or  less  irregular  clump,  while  in  asstivo-autiminal  rosettes 
the  pigment  appears  in  a  rather  compact  spheroidal  mass  of  fine  gran- 
ules. In  sections,  the  pigment  is  usually  less  compact  than  in  blood 
smears,  in  which  it  may  often  be  found  in  a  single  large  block  with 
outlying  grains.  T\Ticn  these  pigmented  parasites  are  englobed  in 
macrophages  the  body  of  the  parasite  rapidly  disappears,  in  4  to  5 
hoiirs  according  to  Marchiafava,  leaving  a  small  vacuole  about  the  pig- 
ment clump,  and  usually  leaving  the  pigment  imdisturbed  in  arrange- 
ment of  granules  for  some  days.  When  the  pigment  clump  is  englobed 
after  its  discharge  from  the  rosette  into  the  plasma,  it  appears  some- 
times to  retain  its  compact  arrangement,  in  which  case  the  englobed 
mass  fails  to  show  a  surrounding  vacuole.  In  the  leucocytes  of  the 
peripheral  blood,  which  appear  to  absorb  most  of  their  pigment  from 
the  plasma,  it  is  seldom  possible  to  detect  any  vacuole  surrounding 
the  clump.  When  a  red  cell  is  englobed  in  a  macrophage,  the  Hb.  is 
fiequently  reduced  to  brownish  granules  skirting  the  periphery  of  the 
space  originally  occupied  by  the  red  cell,  or  sometimes  showing  a  less 
regular  arrangement  of  fine  granules  within  a  large  vacuole. 

Finally,  when  a  red  cell  infected  by  a  pigmented  parasite  is  englobed, 
the  destruction  of  the  red  cells  may  leave  a  peripheral  ring  of  granules, 
while  the  larger  compact  mass  from  the  parasite  occupies  a  central  or 
peripheral  position  (Plate  X,  Figs.  1  and  4). 

From  a  minute  study  of  the  appearances  of  intracellular  pigment 
clumps  in  sections,  and  espeeialh'  in  smears  of  tissues,  it  is  possible 
to  follow  degenerating  parasites  and  red  cells  through  all  the  stages 
just  described,  and  to  distinguish  in  many  instances  pigment  derived 
from  parasites  from  that  resulting  from  the  destruction  of  red  cells. 
After  a  variable  time  all  englobed  pigment  appears  to  concentrate  in 
more  compact  perinuclear  masses,  and  the  above  features  can  no  longer 
be  identified.  Some  of  the  larger  masses  appear  to  form  by  the  coales- 
cence of  two  or  more  vacuoles. 

When  one  compares  the  deposits  of  haemoglobin  which  occur  in 
inflamed  tissues  infiltrated  with  blood,  with  deposits  of  malarial  pig- 
ment, certain  characters  are  often  distinctly  apparent  which  serve  to 
distinguish  the  one  from  other.  Chief  among  these  is  the  crystalline 
form  of  much  of  the  pigment  in  the  inflammatory  deposits.  In  many 
such  cases  the  formation  of  intra-  and  extra-cellular  circles  of  crystal- 
line pigment  may  be  traced  from  whole  or  subdivided  red  cells.  Such 
features  were  noted  especially  in  the  renal  tubules  of  Case  I  of  the 
])rescnt  series  (Plate  XI,  Fig.  9).     Sometimes  the  pigment  circle  repro- 
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duces  the  original  si2e  of  the  intact  red  cell,  usually  it  is  smaller,  the 
red  cell  having  been  subdivided  before  its  final  alteration,  while  fre- 
quently the  crystals  are  isolated  and  elongated,  or  of  small  size  resem- 
bling granules.  Xo  spheroidal  clumps  of  finely  granular  pigment  like 
that  of  the  aestivo-autumnal  rosette  were  seen  in  several  inflamed 
mucous  membranes  with  disintegrating  blood,  examined  for  this  pur- 
pose. In  cases  of  pneumonia,  septicaemia,  and  blood  extravasations 
from  various  causes,  along  with  the  crystalline  pigment  there  was  much 
coarsely  granular  pigment  in  leucocytes  and  endothelial  cells,  but  none 
or  ver}-  few  of  the  clumps  exhibited  the  finely  granular  character  of 
fiesh  malarial  pigment. 

Since  malarial  pigment  as  seen  in  the  parasite  is  practically  never 
found  in  crystalline  form,  and  there  seems  to  be  no  good  reason  to 
assume  its  transformation  into  crystals  after  englobement  by  phago- 
cytes, crystalline  pigment  must  be  referred  to  other  sources,  princi- 
pally the  destruction  of  red  cells. 

According  to  Thoma,  haemosiderin  probably  results  when  the  detri- 
tus of  red  cells  is  acted  upon  by  living  tissue  cells,  while  haematoidin 
is  produced  in  the  bulk  of  a  blood  extravasation  where  living  phago- 
cytes are  absent. 

The  study  of  hepatic  macrophages  in  malaria  shows,  however,  that 
englobed  red  cells  may  be  reduced  to  haematoidin  as  well  as  to  haemo- 
siderin. Not  infrequently  one  finds  in  the  bodies  of  such  macrophages 
red  cells  which  give  the  haemosiderin  reaction,  but  show  in  addition 
some  black  haematoidin  grains.  This  fact  has  also  been  noted  by 
Barker.  The  two  pigments  appear  to  form,  in  malaria,  under  nearly 
identical  conditions,  and  in  the  large  macrophages  it  appears  certain 
that  the  majority  of  englobed  red  cells  are  reduced  to  haematoidin. 

Not  having  found  in  chloroform,  ether,  carbon  bisulphide,  acidified 
potassium  ferrocyanide,  or  ammonium  sulphide,  any  chemical  reagent 
that  will  distinguish  malarial  pigment  from  parahaemoglobin,  hrema- 
toidin,  bilirubin,  or  urobilin,  etc.,  one  must  apparently  rely  upon  mor- 
phology alone  for  its  identification  in  hardened  specimens. 

In  pernicious  malaria,  the  formation  of  pigment  bj  the  parasite, 
the  intracellular  destruction  of  red  cells,  the  solution  of  Hb.  in  the 
plasma,  occurring  most  extensively  in  hamoglobinuric  fever,  but  seen 
to  some  extent  probably  in  all  fatal  cases,  the  deposit  of  bilirubin  or 
urobilin  crystals  or  granules  in  jaundiced  cases,  all  are  processes  which 
are  variously  intermingled  in  the  disease,  and  in  the  study  of  the  tissues 
it  is  of  prime  importance  (see  Cases  I  and  YII)  to  distinguish  as  far  as 
possible  between  them. 
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Case  X  lias  been  reported  here  in  order  to  illustrate  the  practical 
importance  of  the  foregoing  observations. 

Certain  alterations  of  interest  were  noted  in  the  deposits  of  pigment 
in  liver  and  spleen  after  subsidence  of  the  infection.  Throughout  the 
periods  of  active  infection  the  pigment  was  richly  and  uniformly  dis- 
tributed in  all  parts  of  the  organs.  In  a  case  of  typhoid  fever  in  a 
malarious  subject  dying  from  perforation  three  weeks  after  the  dis- 
appearance of  parasites  under  quinine,  the  pigment  in  the  liver  was 
found  in  less  numerous  but  larger  and  more  compact  clumps  within 
the  capillaries,  but  very  little  had  yet  reached  the  portal  canals.  In 
the  spleen  the  beginning  concentration  of  pigment  had  caused  the 
appearance  of  a  pigment  network  with  large  meshes,  within  which  were 
newly-formed  cells  free  from  pigment  (Plate  XIV,  Fig.  17). 

In  another  case,  dying  three  months  after  subsidence  of  the  infec- 
tion, the  gi-eater  concentration  of  pigment  is  clearly  indicated  in  the 
photograph  (Plate  XV,  Fig.  18). 

Ferrier,"  in  a  case  dying  one  month  after  cessation  of  fever,  found 
a  moderate  amoiint  of  pigment  in  the  cells  of  the  pulp  cords  only. 
In  another  case,  after  a  similar  period,  much  pigment  in  nodular  blocks 
2-3  times  the  diameter  of  the  splenic  cells  was  found  in  the  splenic 
cords.  Eather  less  pigment  was  found  in  the  arterial  walls  and  peri- 
pheries of  follicles.  In  a  third  case,  six  weeks  after  acute  symptoms, 
most  of  the  pigment  was  found  in  very  large  cells  in  the  centres  of  the 
pulp  cords. 

DESCRIPTION  OF  PLATES  X-XV. 
Plate  X. 

Fig.  1.  Appearance  of  hepatic  macrophage  in  Case  II.  Various  stages  of  destruction 
of  infected  and  uninfected  red  cells  and  of  parasites. 

Fig.  2.  Hepatic  endothelial  cell  in  established  sestivo-autiimnal  fever,  containing 
pigment. 

Fig.  3.  Hepatic  macrophage  in  Case  VII,  fatal  infection  with  large  tertian  parasite. 
The  pigment  is  distributed  in  tine  granules  and  in  blocks. 

Fig.  4.  Endothelial  macrophage  of  circulating  blood,  containing  rings  and  masses 
of  pigment  and  degenerating  parasites.     Red  blood  corpuscle  at  the  side. 

Fig.  a.  Polynuclear  leucocyte  of  circulating  blood  with  englobed  rosette  and  full 
grown  parasite. 

Fig.   6.   The  usual  pigmented  mononuclear  leucocyte  of  the  circulating  blood. 

Fig.  7.  Capillary  in  muscle  of  the  heart,  showing  numerous  intra-corpuscular 
parasites.     Case  II. 

Plate  XI. 

Fig.  8.  Appearance  when  stained  of  vacuolated,  pigmented  leucocyte,  common  in 
malarial  blood. 

-^  Arch,  tie  med.  exper.,  1897,  ix,  p.  87. 
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Fig.  9.  Pigmentary  deposits  in  cells  of  renal  tubule,  from  disintegrating  red 
corpuscles.     Case  I. 

Fig.  10.  From  section  of  uterine  submucosa  of  Case  X,  puerperal  septiciemia. 
Deposits  of  wreaths  of  granular  and  crystalline  pigment,  resembling  malarial  pig- 
ment, in  tissue  infiltrated  with  blood. 

Fl.vte  XII. 

Fig.  11.  Early  stages  of  destruction  of  red  corpuscles  with  deposit  of  peripheral 
rings  of  htematoidin.     Pigmented  leucocytes.     Case  VII  and  others. 

Fig.  12.  Later  stages  of  destruction  of  red  corpuscles  with  deposit  of  crystals  of 
birmatoidin.     Case  VII. 

PL.tTE    XIII. 

Fig.  13.  Photograph  of  section  of  kidney,  Case  V.  Degeneration  of  renal 
epithelium  and  granular  eoagulum  around  glomerulus,      x   250. 

Fig.  14.  Photograph  of  section  of  kidney,  Case  V,  showing  massing  of  malarial 
parasites  in  renal  capillaries.      x   2.50. 

Fig.  15.  Photograph  of  section  y  1000,  same  case,  showing  pigmented  parasites 
in  renal  capillary. 

Plate  XIV. 

Fig.  16.  Photograph  of  section  of  spleen.  Case  VII,  showing  distribution  of  pig- 
ment in  acute  pernicious  malaria. 

Fig.  17.  Photograph  showing  reticular  arrangement  of  pigment  in  the  spleen, 
three  weeks  after  subsidence  of  acute  malarial  infection. 

Plate  XV. 

Fig.  IS.  Photograph  showing  disposition  of  pigment  in  the  spleen,  three  mouths 
after  acute  malarial  infection.     Case  IX. 

Fig.  19.  Photograph  showing  distribution  of  pigment  in  the  liver,  three  months 
after  acute  malarial  infection.     Case  IX. 
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The  etiology  of  acute  dysentery  has  been  worked  out  in  Japan  by 
Shiga,"  in  the  Philippines  by  Flexucr '  and  by  Strong/  and  in  Ger- 
many by  Kruse/  but  before  the  jDast  summer  no  systematic  attempt 
had  been  made  to  discover  the  cause  of  acute  dysentery  in  this 
country.  Our  problem  has  been  (1)  to  determine  by  comparative 
study  whether  the  organisms  described  by  these  various  observers 
are  not  really  of  the  same  species,  though  possessed,  it  may  be,  of  in- 
dividual differences  and  peculiarities,  such  as  may  readily  exist  within 

'  This  investigation  was  conducted  under  a  ijrant  from  the  Rockefeller  Institute  of 
Medical  Research. 

-  Ceniralbl.  f.  Bakteriotogie,  1898,  x.\iii,  p.   .599;   .\xiv,  pp.  817,  870  and  918. 

'■'Bulletin  of  the  Johns  Hopkins  Hospital,  1900,  .\i,  pp.  39;  231.  Philadelphia  Medical 
Jnnrnal,  1900,  vi,  p.  414. 

'■■Tour.  Amer.  Med.  Assoc,  1900,  xxxv,  p.  498,  and  Report  of  the  Surgeon  General  of 
the  Army,  Washington,  1900. 

5  Tleutsehe  med.   Wuehensrhrifl.  1900,  p.  637. 
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the  limits  of  a  single  species,  and  (2)  to  discover  the  cause  of  acute 
dysentery  in  this  country,  and  if  possible  to  identify  it  with  the  or- 
ganisms of  the  observers  mentioned.  The  problem  is,  to  say  the 
least,  rather  large.  If  we  have  succeeded,  we  have  gone  far  towards 
proving  that  acute  dysentery  is  the  same  the  world  over,  and  is  due 
to  a  specific  microorganism,  Bacillus  dysenterice  Shiga.  How  far 
we  have  succeeded  must  be  left  to  the  judgment  of  those  who  read 
the  following  report  of  our  work.  In  so  far  as  we  have  attained  that 
success,  the  credit  must  be  given  mostly  to  Dr.  Flexner,  who  sug- 
gested to  us  this  line  of  investigation,  w-as  enabled  to  put  at  our  dis- 
posal the  means  to  carry  it  on,  and  gave  us  the  results  of  his  experi- 
ence in  a  personal  and  almost  daily  supervision  of  the  work. 

In  the  following  report  we  shall  give  a  brief  description  of  the 
technique,  materials  and  results  of  our  work. 

TECHXIQUE. 

The  materials  at  our  disposal  consisted  of  tlie  stools  of  persons  sup- 
posed to  have  dysentery  and  the  intestines  of  several  fatal  cases  of  the 
disease.  The  stools  were  examined  in  the  majority  of  cases,  and  were 
collected  either  in  a  bed-pan,  which  was  previously  cleansed  and  par- 
tially sterilized  by  boiling  water,  or  upon  sterile  gauze.  In  some  cases 
a  sterile  spoon  was  introduced  into  the  rectum  and  the  cultures  made 
from  the  material  thus  obtained.  The  stool  was  first  examined  micro- 
scopically for  amoebte,  blood,  bacteria,  pus  cells,  etc.  Three  bouillon 
suspensions  were  then  made,  using  three  to  ten  platinum  loopfuls  of 
the  dejecta  for  each  tube  of  bouillon,  according  to  the  number  of  bac- 
teria judged  to  be  present  as  determined  by  .microscopic  examination. 
A  series  of  four  agar  plates  was  prepared  from  each  of  these  suspen- 
sions, so  that  in  all  cases  at  least  twelve  plates  were  made,  and  often 
this  number  was  increased  by  making  additional  suspensions  and  plates. 
In  inoculating  the  agar  tubes,  six  loopfuls  of  the  suspension  were  carried 
to  the  first  tube,  and  so  on  to  the  fourth  tube,  always  using  six  loops. 
With  this  method  some  of  the  plates  would  always  have  the  right  seed- 
ing, though  whether  the  best  plate  would  be  the  first  or  the  last  de- 
pended upon  the  number  of  bacteria  originally  present  in  the  stool. 
When  cultures  were  made  at  autopsies,  the  part  of  the  intestine  most 
affected,  usually  the  sigmoid  flexure,  was  examined,  taking  all  the  nec- 
essary precautions,  such  as  burning  the  surface  of  the  gut,  to  avoid 
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contaminations.  The  suspensions  were  made,  just  as  described  above, 
by  inoculating  the  tubes  of  bouillon  with  the  material  in  the  lumen 
of  the  intestine,  and  also  with  scrapings  of  the  diseased  mucosa. 

The  plates  were  incubated  for  24  hours,  and  then  all  the  colonies 
were  marked,  this  step  being  described  more  in  detail  below  (p.  195). 
The  plates  then  were  again  incuBated  for  another  day,  and  from  the 
new  colonies  all  those  which  appeared  to  have  the  characteristics  of 
B.  dysenteriae  were  inoculated  by  a  simple  stab  in  tubes  of  glucose 
agar.  In  order  to  select  the  right  colonies,  a  very  careful  examination 
with  both  the  naked  eye  and  the  microscope  is  necessary,  and  even  then 
it  is  hard  to  exclude  positively  B.  coli.  Inasmuch,  however,  as  the 
colon  bacillus  produi^es  gas  in  glucose  agar,  while  the  dysentery  bacil- 
lus does  not,  this  step  in  the  technique  finally  excludes  all  cultures  of 
the  colon  bacillus. 

As  soon  as  inoculated,  the  glucose  agar  tubes  were  placed  in  the  in- 
cubator, and  remained  there  for  21  hours,  when  those  that  had  not 
produced  gas  were  subjected  to  further  examination.  At  this  stage  we 
always  looked  for  motility,  but  the  morphology  cannot  be  studied  satis- 
factorily at  this  period  on  account  of  the  early  involution  forms  pro- 
duced in  glucose  agar.  Plain  agar  slants  were  now  made  from  the 
glucose  agar,  and  on  the  former  the  involution  forms  quickly  disap- 
pear, so  that  at  the  end  of  12  to  34  hours  these  cultures  permit  the 
study  of  the  morphology  and  can  also  be  used  to  make  fresh  suspensions 
of  the  suspected  organism  in  order  to  test  agglutinating  properties  with 
dysenteric  sera.  The  technique  of  this  test  is  exactly  like  that  of  the 
Gruber-Widal  reaction  in  typhoid,  so  that  it  need  not  be  here  described. 
If  the  organism,  as  seen  on  the  agar  slant,  presented  the  correct  mor- 
phology, it  was  at  once  inoculated  in  all  the  common  culture  media. 

Before  the  orgjanism  under  consideration  can  be  considered  to  be 
B.  dysenterise,  it  must  have  fulfilled  the  following  requirements: 

a.  It  must  give  the  proper  cultural  characteristics,  as  shown  by 
.standard  cultures  of  Shiga,  Flexner,  Krase,  etc. 

h.  It  must  possess  the  right  morphology,  as  shown  by  the  same. 

c.  It  must  give  a  positive  agglutinative  reaction  with  some  of  the 
known  dysenteric  sera. 

It  is  obvious  that  in  many  cases  it  will  be  impossible  to  obtain  the 
organism  in  pure  cultures  on  the  plates,  owing  to  the  large  numbers 
of  bacteria  present  in  the  intestine  \inder  all  conditions. 
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KECOKDS  OF  CASES  STUDIED. 

1.  Philadelplila  Cases. — These  may  be  said  to  have  been  unfavor- 
able cases  for  the  purposes  of  onr  study.  The  stools  and  autopsies 
were  obtained  from  various  hospitals  in  the  city,  chiefly  the  Phila- 
delphia Hospital,  and  there  was  in  nearly  every  instance  an  unavoid- 
able delay  in  the  transportation  of  the  specimen  to  the  laboratory. 
It  is  our  belief,  judging  from  the  results  obtained  in  these  cases,  that 
Bacillus  dysenterise  is  present  in  overwhelming  nimabers  in  the  intes- 
tines of  patients  suffering  with  dysentery,  and  that  the  colon  bacillus 
is  also  present  but  in  very  small  numbers;  that  the  dysentery  bacillus 
does  not  find  the  conditions  in  the  stool  after  evacuation  so  favorable 
to  its  growth  as  does  the  colon  bacillus,  and  that  therefore  in  the  stool 
the  latter  soon  overwhelms  the  former,  and  if  Bacillus  dysenterise  is 
to  be  found,  the  fresh  stool  should  be  examined  imuicdiatoly. 
Scrapings  from  the  intestinal  mucosa  are  more  favorable  than  the 
stool  even  when  freshly  collected. 

Case  1.  Kelly.  The  bacteriological  examination  in  this  case  was 
made  from  the  intestine  after  autopsy,  the  patient  having  died  with 
the  clinical  diagnosis  of  acute  dyseuter}'.  Unfortunately  the  patient 
had  been  dead  for  more  than  twelve  hours  before  the  autopsy  could 
be  performed. 

The  intestinal  mucosa  was  greatly  injected  and  studded  with  uiiiuUc 
ulcers,  together  with  some  of  large  size  (1  ctm.  in  diameter).  The 
lumen  of  the  intestine  contained  bloody  mucus  and  Hakes  of  grayish 
membrane  were  adherent  in  places  to  the  walls.  The  intestine  was 
opened  ^vith  the  usual  precautions,  and  bouillon  suspensions  were  made 
both  from  the  bloody  mucus  in  the  intestine,  and  also  from  scrapings 
of  the  mucosa.  These  were  carried  to  the  laboratory  and  agar  plates 
were  immediately  made  from  them. 

Out  of  18  ghu-ose  agar  tubes  iuocidated  Iroin  the  plates,  14  con- 
sisted of  B.  coli,  3  of  unknown  organisms,  and  1  was  a  pure  culture  of 
a  bacillus,  giving  the  typical  cultural  characteristics,  to  be  described 
later,  of  the  bacillus  of  dysentery,  and  also  positive  agglutiiuititui  reac- 
tions with  blood  from  cases  of  dysentciy  (vide  infra). 

This  case  is  one  of  the  examples  of  the  ra]>id  growth  of  B.  coli  and 
of  tlie  equally  rapid  disappearance  of  B.  dysenteriiv,  when  conditions 
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cease  to  be  favorable  to  its  growth.     Fifteen  hours  elapsed  between 
the  death  of  the  patient  and  the  time  of  making  the  plates. 

Case  2.  Smith.  In  this  case  the  stool  was  the  subject  of  examina- 
tion. It  was  very  small,  liquid,  and  bloody,  and  also  contained  much 
mucus.  Faecal  odor  was  entirely  absent.  Microscopic  examination 
showed  a  field  of  almost  pure  blood.  Bacteria  were  not  numerous  and 
were  entirely  bacilli  of  colon-like  morphology,  many  of  which  were 
motile;  pus  cells  were  also  found.  The  stool  was  absolutely  fresh  when 
the  bacteriological  examination  was  begun.  Ten  glucose  agar  tubes 
were  made  from  the  plates  with  the  following  results:  Ifo  colon  ba- 
cilli were  found;  two  tubes  contained  organisms  that  were  easily  ex- 
cluded, and  eight  were  pure  cultures  of  the  bacillus  believed  to  be  B. 
dysenteriffi. 

Case  3.  Davis.  Specimen  obtained  at  autopsy.  The  appearance 
of  the  large  intestine  resembled  that  of  the  other  Philadelphia  cases. 
The  lower  portion  of  the  colon  was  the  part  chiefly  affected.  A  false 
membrane  was  present,  and  the  mucosa  showed  areas  of  necrosis.  The 
intestine  contained  little  fa?cal  material,  but  the  liquid  present  was 
not  particularly  bloody.  The  walls  of  the  intestine  were  greatly 
swollen.  Plate  cultures  were  made  from  the  scrapings  of  the  mucosa, 
and  all  colonies  appearing  after  24  hours  were  marked.  The  later  colo- 
nies which  seemed  to  resemble  those  of  the  dysentery  bacillus,  were 
transplanted  to  glucose  agar.  Twenty-four  tubes  were  inoculated,  and 
of  these  18  did  not  produce  gas.  On  examination  of  the  latter,  4  cul- 
tures gave  the  serum  reaction  with  several  positive  bloods,  and  also 
characteristic  growths  on  the  various  culture  media,  corresponding 
with  B.  dysenteriffi  of  the  authors  mentioned  in  every  particular.  The 
other  cultures  were  negative.  Unfortunately  we  were  unable  to  test 
the  organisms  with  the  patient's  own  blood,  as  we  tried  to  do  in  all 
our  cases,  because  nothing  was  sent  but  the  specimen  of  the  colon. 

Case  4-  Vincent.  The  specimen  that  we  examined  consisted  of  a 
portion  of  the  large  intestine  obtained  at  autopsy,  the  patient  having 
died  with  the  clinical  diagnosis  of  acute  dysentery.  The  greater  part 
of  the  large  intestine  was  found  to  be  affected,  the  lesions  extending 
from  the  splenic  flexure  to  tlie  rectum.  The  walls  of  the  intestine 
were  thickened  the  mucosa  dotted  with  small  ulcers,  and  also  exhibit- 
ing in  many  places  small  scars,  probably  the  result  of  a  previous  attack. 
The  ulcers  were  of  a  greenish-brown  color,  and  a  pseudo-membrane  was 
everywhere  present.     Agar  plates  were  made  from  scrapings  of  the 
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mucosa  in  the  usual  way,  and  promising  colonies  were  transplanted  to 
glucose  agar.  Out  of  41  tubes,  all  but  S  proved  to  be  B.  coli  or  some 
other  gas-producing  organism,  and  of  these  eight  tubes  all  were  finally 
excluded  except  one  tube  which  contained  a  pure  culture  of  B.  dysen- 
terise,  giving  a  positive  agglutination  reaction  with  Shiga's  anti-dysen- 
teric serum,'  and  corresponding  entirel)'  in  morphology  and  manner 
of  growth  with  the  cultures  of  Shiga,  Flexner,  etc. 

Case  5.  Examined  at  autopsy.  The  whole  of  the  large  intestine  was 
affected,  and  the  morbid  process  extended  several  centimetres  even  into 
the  small  intestine,  but  the  chief  seat  of  the  lesions  was  in  the  sigmoid 
flexure.  The  mucosa  was  ulcerated,  swollen,  congested,  and  covered 
with  a  fine  granular  exudate.  Cultures  wore  taken  in  the  usual  man- 
ner by  scraping  the  mucosa,  including  that  of  the  appendix,  and  from 
the  mesenteric  glands.  All  the  organisms  isolated  from  the  appendix 
and  glands  proved  to  be  either  B.  coli  or  B.  prototis,  but  from  the  cul- 
tures made  from  the  scrapings  of  the  mucosa,  18  out  of  24  glucose  agar 
tubes  proved  to  be  pure  cultures  of  B.  dysenteria>,  giving  the  agglutina- 
tion reaction  with  Shiga's  anti-dysenteric  serum,  etc.,  and  agreeing 
with  the  standard  cultures  in  all  particulars. 

2.  Lancaster  Cases. — These  were  from  the  Lancaster  County  Alms- 
house and  Insane  Asylum.  We  are  greatly  indebted  to  Dr.  Samuel 
Miller,  the  Medical  Director  of  that  in.stitution,  for  notifying  us  of 
the  epidemic,  and  for  that  continual  courtesy  which  enabled  us  to  pur- 
sue the  work  to  a  successful  termination.  The  epidemic  had  been 
verv  severe,  having  led  to  a  number  of  deaths;  but  at  the  time  of  our 
studies  it  was  on  the  decline,  and  only  three  cases  were  obtainable. 

Of  these,  two  had  been  acute  but  they  had  greatly  improved  under 
treatment,  while  the  third  (Benson)  began  with  symptoms  of  acute 
dysentery,  which,  however,  soon  subsided,  and  the  attack  seemed  to 
have  been  aborted.  These  cases,  therefore,  were  not  so  favorable  as 
many  of  the  others  which  we  studied. 

Case  6.  Benson.  The  specimen  examined  was  a  very  small,  gray- 
ish-brown, liquid  stool,  which  seemed  to  the  naked  eye  to  contain  pus, 
but  no  blood  and  very  little  mucus.  Its  odor  was  strong  and  rather 
characteristic,  but  not  at  all  faecal.  Microscopic  examination  showed 
many  pus  cells,   some  blood   corpuscles,  and   many   bacteria — mostly 

•A  small  vial  of  this  serum  was  sent  to  Dr.  Flexner  by  Dr.  Sliisra  in  October,  1900. 
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bacilli  of  colon-like  morphology,  together  with  some  of  a  larger  size. 
Many  were  motile. 

The  attempt  to  isolate  B.  dysenteriai  by  means  of  the  regular  tech- 
nique resulted  as  follows :  Out  of  ten  glucose  agar  cultures  made  from 
plate  colonies,  three  proved  to  he  of  gas-forming  organisms,  three  were 
of  other  organisms,  probably  of  the  proteus  group,  and  four  were  pure 
cultures  of  B.  dysenterise,  giving  the  positive  agglutination  reaction 
and  cultural  characteristics  described  below. 

Case  7.  Franklin.  The  very  small  liquid  stool  consisted  mostly  of 
pus  with  a  little  bloody  mucus.  Microscopic  examination  showed  blood 
and  large  quantities  of  pus  cells.  Bacteria  were  not  very  numerous,  and 
were  nearly  all  bacilli  of  variable  morphology,  many  being  motile.  The 
stool  was  immediately  plated,  and  of  fifteen  glucose  agar  tubes  inocu- 
lated with  colonies  from  the  plates,  thirteen  contained  gas-producing 
organisms,  and  two  were  pure  cultures  of  an  organism  giving  all  the 
cultural  characteristics  of  B.  dysenterise,  and  also  good  agglutination 
reactions  with  the  patient's  own  blood  serum  and  with  several  other 
dysenteric  sera.  It  may  be  mentioned  here  that  Franklin  was  an  in- 
sane patient. 

Case  S.  Hoffman.  The  stool  was  large  in  quantity,  liquid  and 
almost  entirely  faecal;  no  blood  or  mucus  was  found.  Microscopic  ex- 
amination failed  to  show  blood,  but  demonstrated  the  presence  of  large 
numbers  of  bacteria,  most  of  them  of  colon-like  morphology  and  ac- 
tively motile.  The  stool  was  at  once  plated,  and  of  the  twenty  glucose 
agar  tiibes  inoculated  from  the  colonies,  fourteen  were  cultures  of  a 
gas-producing  bacillus,  four  were  of  other  organisms  not  identified,  and 
two  were  pure  cultures  of  B.  dyscnteris. 

These  last  two  cases  were  convalescent,  and  Hoffman  was  practi- 
cally well  of  his  dysentery.  The  bacteriological  examination  of  the 
stools  showed  that  the  dysentery  bacillus  had  begun  to  disappear,  and 
that  the  colon  bacillus  was  resuming  its  place  as  the  dominant  micro- 
organism of  the  intestinal  tract.  The  conditions  here  were  in  marked 
Contrast  to  those  in  the  New  Haven  cases,  which  were  very  acute, 
aud  gave  in  the  glucose  agar  tubes  nearly  pure  cultures  of  Bacillus 
dyseuteriEe. 

3.  New  Haven  Cases. — These  cases  were  obtained  at  the  Spriug- 
side  Home,  New  Haven,  Conn.  The  epidemic  was  very  severe, 
fifty  or  more  cases  occurring  within  three  weeks  among  the  350  in- 
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mates,  all  being  of  the  very  acute  forni,  with  fatalities.  The  jia- 
tients  were  stricken  snddenly,  and  were  very  ill  for  a  few  days,  their 
evacuations  being  extremely  bloody  and  nmcoid,  containing  little  or 
no  faecal  material,  and  being  odorless  during  the  height  of  the  dis- 
ease. Thanks  to  Dr.  Gompertz,  Visiting  Physician  to  the  Home, 
and  to  the  hospital  assistants,  every  opportunity  was  afforded  for 
thorough  investigation. 

Case  9.  Alyvard.  The  bacteriological  examination  was  made  from 
a  fresh  stool,  which  was  large  in  quantity,  liquid,  very  bloody  and 
mucoid.  Microscopic  examination  showed  numerous  pus  cells,  and 
bacteria  which  were  almost  all  bacilli.  From  favorable  colonies  on  the 
agar  plates,  seventeen  glucose  agar  tubes  were  inoculated,  out  of  which 
twelve  tubes  afterwards  proved  to  be  cultures  of  B.  dysenteric. 

Case  10.  Tedymus.  Bacteriological  examination  was  made  at  the 
autopsy.  The  colon  from  the  splenic  flexure  to  the  rectum  was  the 
seat  of  ulceration,  intense  hj^percmia  and  pseudo-membranous  forma- 
tion. Cultures  were  made  from  scrapings  of  the  mucosa  and  also  from 
the  contents  of  the  intestine  in  several  localities,  with  the  result  that 
out  of  twent3'-seven  glucose  agar  tubes,  eighteen  contained  cultures  of 
B.  d)'senteria?,  the  nuijority  being  obtained  from  the  scrapings  of  the 
mucosa  rather  than  from  the  intestinal  contents. 

Case  11.  Seward.  The  stool  from  which  the  cultures  were  taken, 
was  liquid,  very  bloody,  mucoid,  and  devoid  of  odor,  with  no  fa?t-al  ma- 
terial present.  It  was  obtained  fresh  and  plated  in  the  usual  manner. 
Out  of  twenty-four  glucose  agar  tubes,  twenty-one  proved  to  be  pure 
cultures  of  B.  dysenterise.  The  patient  subsequently  died  and  an  au- 
topsy was  performed.  On  opening  the  intestine,  the  lower  two-thirds 
of  the  large  gut  was  thickened,  ulcerated  and  closely  dotted  with  small 
hsemorrhagic  areas.  No  considerable  pseudo-membrane  was  found. 
Plate  cultures  were  made  from  scrapings  of  the  mucous  coat,  and  ten 
glucose  agar  tubes  were  finally  inoculated  from  colonies,  all  of  which 
contained  B.  dysenterise.  These  results  obtained  from  the  same  case, 
which  was  particularly  favorable  for  our  study,  both  from  the  stool 
during  life  and  from  the  intestine  at  autop,<y.  indicate  that  the  latter 
method  when  applicable  offers  the  best  chances  of  success. 

Crt.se  12.  Cook.  The  specimen  was  a  stool,  typical  of  the  acute 
malady.  The  patient  was  in  a  comatose  state  from  which  slu^  could 
not  be  aroused.  The  movements  of  the  bowels  were  continuous  and 
contained  no  fa?cal  matter,  consisting  of  blood  and  mucus.     Microscopic 
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examination  showed  large  numbers  of  pus  cells  and  red  corpuscles,  and 
many  bacteria.  In  this  ease  cocci  were  rather  numerous.  Owing  to 
the  state  of  the  patient,  the  evacuations  had  to  be  collected  in  a  bed 
pan  under  unfavorable  conditions,  which  may  account  for  the  small 
number  of  successful  cultures  from  a  case  apparently  so  favorable. 
Suspensions  were  made  from  the  material  thus  collected,  which  was 
by  no  means  fresh,  and  the  regular  technique  was  followed,  but  out  of 
ten  glucose  agar  tubes  but  two  finally  proved  to  contain  B.  dysenteriae. 

Case  13.  Kenney.  Stool  liquid  and  bloody,  with  a  little  feecal  mat- 
ter. Microscopic  examination  showed  quantities  of  pus  cells,  and  many 
bacteria,  which  were  mostly  bacilli.  Out  of  thirteen  glucose  agar  trans- 
plantations from  colonies,  seven  did  not  produce  gas,  and  further  exam- 
ination showed  these  to  contain  a  nnn-niotilo  bacillus  which  responded 
to  all  the  tests  for  B.  dysenteriae. 

Case  IJ).  Higgins.  From  a  typical  liquid  and  bloody  stool,  suspen- 
sions and  plates  were  made  in  the  usual  manner,  and  eight  out  of  ten 
glucose  agar  inoculations  did  not  produce  gas.  One  of  these  cultures 
proved  to  Be  of  a  very  motile  bacillus;  the  other  seven  were  of  the 
same  organism  isolated  and  described  in  the  foregoing  cases,  giving  the 
serum  reaction  with  the  patient's  blood  as  well  as  with  other  positive 
sera,  as  shown  in  the  tables  on  pages  201-2. 

Case  15.  Perkins.  This  was  another  case  of  dysentery  in  the  in- 
sane. The  stool  was  extremely  bloody,  and  did  not  differ  from  the 
others  iti  this  series.  Twelve  out  of  fourteen  glucose  agar  cultures 
were  non-gaseous,  and  of  these  four  were  excluded,  since  they  contained 
a  short,  thick,  motile  bacillus,  not  corresponding  also  in  other  respects 
to  the  bacillus  of  dysentery.  The  other  eight  cultures  were  of  non- 
motile  organisms,  giving  the  agglutination  reaction  with  other  positive 
bloods,  but  not  with  the  patient's  serum.  The  cultures  of  bacilli  from 
Shjga,  Kruse,  Strong,  and  Flexner  also  failed  to  react  with  the  patient's 
serum.  The  patient  died  after  a  few  days'  illness,  and  it  is  possible 
that  he  was  not  ill  long  enough  for  the  agglutinating  properties  to  de- 
velop in  his  blood.  We  wish  to  lay  especial  stress  upon  the  fact  that 
the  organisms  isolated  did  give  positive  reaction  with  other  known 
dysenteric  sera. 

Case  Hi.  Parmlee,  also  an  insane  patient.  The  stool  was  streaked 
with  blood,  but  also  contained  considerable  fsecal  matter.  Nine  out  of 
sixteen  glucose  agar  transplantations,  contained  pure  cultures  of  B. 
dysenteriae.  These  gave  the  agglutination  reaction  with  the  patient's 
own  blood  serum,  as  well  as  with  the  other  positive  sera  in  our  posses- 
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sion.  The  patient's  senun  had  been  previously  tested  with  Shiga,  Flex- 
ner,  Kruse,  and  Strong  cultures,  and  gave  positive  reactions  with  all 
these,  thus  proving  that  it  was  a  positive  serum. 

The  results  obtained  in  these  three  cases  of  dysentery  in  the  insane 
were  therefore  identical  with  the  results  furnished  by  the  other  cases 
of  acute  dysentery  that  we  had  the  opportunity  of  studying. 

Case  17.  Dobell.  The  examinations  were  of  a  stool  that  appeared 
in  every  way  t3"pical.  Out  of  twenty-four  glucose  agar  tubes  inocu- 
lated with  apparentl)'  favorable  colonies,  seven  contained  a  non-motile 
organism  with  a  variable  morphology,  and  failed  to  give  the  agglutina- 
tion reaction.  The  other  fifteen  gave  this  reaction  and  corresponded  in 
morphology  and  cultural  characteristics  with  the  standard  cultures. 

Case  18.  Kittler.  This  stool  was  not  very  favorable  as  it  contained 
considerable  faecal  material  and  was  only  streaked  with  blood  iu  places. 
Four  out  of  twelve  glucose  agar  transplantations  gave  the  agglutinat- 
ing reaction,  and  agreed  in  other  respects  with  the  cultures  of  Shiga, 
Fle.xner,  etc. 

Case  19.  Prescott.  The  stool  was  large,  liquid,  and  contained 
finely  divided  faecal  particles,  together  with  some  blood.  Out  of  eigh- 
teen glucose  agar  tubes  five  contained  the  same  organism  isolated  from 
all  the  foregoing  cases. 

Case  20.  Cunningham.  The  stool  contained  a  few  pus  cells,  and 
was  semi-solid  in  consistence.  It  was  fajcal  in  character  and  had  a  bad 
odor,  as  did  the  other  stools  containing  faeces.  We  were  successful  in 
isolating  B.  dysenterije  in  nine  out  of  fifteen  glucose  agar  tubes. 

Case  21.  Howard.  The  stools  throughout  the  whole  course  of  this 
case  were  large,  and,  while  containing  considerable  blood,  were  at  no 
time  free  from  fsecal  matter.  Out  of  eight  glucose  agar  inoculations, 
only  two  gave  the  characteristic  agglutination  reaction  and  cultnral 
properties  shown  by  the  standard  cultures.  The  clinical  history  of  the 
case  and  the  character  of  the  stools  show  that  this  was  by  no  means  so 
acute  a  case  as  most  of  the  others  at  New  Haven,  and  in  this  respect 
as  well  as  in  the  smaller  percentage  of  successful  glucose  agar  tubes 
it  resembles  those  of  the  liancaster  epidemic. 

Case  22.  Wells.  Stool  semi-solid  and  faecal,  but  streaked  with 
blood  and  mucus.  Three  out  of  eight  glucose  agar  transplantations 
contained  B.  dysenteriae.  The  epidemic  was  by  this  time  on  the  decline, 
as  is  shown  by  the  character  of  the  stools  of  the  last  two  or  three  pa- 
tients, and  after  this,  no  other  typical  cases  appeared  at  New  Haven. 
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CULTURAL  CHARACTEEISTICS. 

Witli  the  view  of  determining  how  close  the  relationship  between 
the  various  bacilli  described  by  Shiga,  Flexner,  Kruse,  and  Strong, 
really  is,  a  series  of  parallel  cultures  of  all  of  these  was  made,  begin- 
ning with  agar  plates,  and  afterwards  carrying  them  through  all  the 
common  culture  media.  Later  the  bacilli  from  our  own  ca~e?  nar- 
rated above  were  also  included  and  made  a  part  of  the  series. 

In  the  course  of  this  study  we  observed  a  few  slight  differences 
between  the  varieties  of  the  several  observers.  Tor  example,  the 
colonies  of  one  variety  might  be  a  trifle  darker  in  color  than  those  of 
another;  or  one  variety  might,  at  a  given  age,  have  slightly  larger 
colonies  than  another;  or  one  variety  might  produce  a  greater 
amount  of  acid  in  litmus  milk  than  another.  But  these  differences 
were  nowhere  greater  than  might  be  expected  of  individuals  of  the 
same  species,  and  moreover  they  were  by  no  means  constant,  but 
might  be  noticed  on  a  first  trial  and  be  absent  on  a  second  or  third. 
We  endeavored  to  rule  out  the  personal  equation  in  the  following- 
way:  One  of  us  would  make  a  series  of  cultures  or  plates,  keeping 
the  names  hidden,  and  the  other  would  try  to  identify  them.  We 
varied  the  experiment  by  requesting  other  laboratory  workers,  not 
interested  in  the  problem,  to  distinguish  between  the  various  cultures, 
but  such  attempts  always  failed. 

We  are  therefore  forced  to  the  conclusioii  that  the  cultural  char- 
acteristics of  the  various  forms  studied  are  essentially  alike,  for,  how- 
ever they  might  vary  when  we  knew  them  by  name,  these  variations 
were  so  inconstant  that  it  was  impossible  to  distinguish  one  culture 
from  the  other  when  the  names  were  hidden.  lu  fact  these  slight 
variations  miist  be  considered  as  one  of  the  peculiarities  of  the  organ- 
ism, just  as  a  rather  wide  variation  in  morphology  is  also  charactei 
istic.  Since  we  have  been  unable  to  discover  any  real  or  constant 
differences  between  the  varieties,  it  would  be  a  vain  and  tiresome 
repetition  to  give  the  cultural  characteristics  of  them  all  seriatim,  as 
we  had  at  first  intended,  and  Ave  shall  therefore  be  contented  with 
giA-ing  a  careful  ilescription  of  the  characteristics  as  we  observed 
them,  with  the  undcrstandiuc-  that  this  do-^criiition  fits  anv  one  of  the 
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varieties  studied,  including  those  which  we  isohited  the  past  summer. 

Surface  Colonies. — The  appearance  of  the  colonies  of  course 
changes  gradually,  but  it  is  convenient  to  describe  several  stages. 

Twelve  hour  stage. — The  colonies  are  circular  in  outline,  and  about 
one  millimetre  in  diameter;  to  the  naked  eye  they  are  whitish,  but 
very  translucent,  and  resemble  ground  glass  in  color.  The  margin 
of  the  slightly  raised  colony  is  perfectly  smooth  and  regular.  The 
colonies  are  smooth  in  texture,  shining,  and  resemble  the  icing  on  a 
cake.  Under  the  microscope,  they  are  finely  granular  throughout, 
and  so  translucent  that  it  is  often  diffic\ilt  to  focus  them.  The  cen- 
tral part  by  transmitted  light  is  pale  yellow,  gradually  fading  to  a 
lighter  shade  towards  the  margin,  while  the  outer  third  is  absolutely 
colorless,  thus  giving  the  impression  of  two  zones,  which  fade  one 
into  the  other  so  gradually  that  there  is  absolutely  no  line  of  demar- 
cation. Even  under  tlie  microscope,  the  margin  is  almost  mathe- 
matically regular  and  accurate. 

Twenty-four  hour  stage. — The  appearance  now  is  also  quite  char- 
acteristic. The  colonies  have  reached  a  size  of  from  two  to  four  mil- 
limetres, and  are  more  nearly  creamy  in  color  and  general  appear- 
ance. Their  texture  is  not  so  smooth,  nor  are  they  so  shiny  and  re- 
fractive; they  are  also  more  elevated  above  the  surface,  though  this 
is  not  a  marked  feature  at  any  stage.  They  are  still  somewhat  trans- 
lucent, and  their  outline  is  circular  and  regular  as  before.  Under  the 
microscope,  however,  the  margin  is  by  no  means  so  regular  as  it  was 
at  twelve  hours,  but  presents  a  slightly  ragged  appearance,  and  the 
most  striking  change  of  all  is,  that  tliere  are  three  zones  instead  of 
two.  In  the  centre  a  circular  nucleus  is  seen  of  a  light  yellowish- 
brown  color,  very  distinctly  darker  than  the  surrounding  area.  The 
nucleus  is  granular  like  the  rest  of  the  colony,  but  the  granules  are 
a  little  coarser,  wliilc  the  granulation  of  the  rest  of  the  colony  is  as 
fine  as  it  was  in  the  twelve  hour  stage.  Around  the  nucleus  is  a 
pale  greenish-yellow  area,  deepest  in  color  towards  the  centre,  and 
fading  gradually  away  towards  the  peri])lierv  until  it  merges  into  the 
last  or  outer  zone,  which  is  absolutely  cohirless  like  that  of  the  twelve 
hour  staere,  bnt  luis  become  more  limited  in  extent. 
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Thirty-six  hour  stage. — The  macroscopic  appearance  is  very  simi- 
lar to  that  of  the  twenty-four  hour  stage,  except  that  the  colony  is 
now  larger,  but  the  microscopic  characteristics  are  much  changed. 
The  outline  of  the  colony  varies  considerably  in  different  colonies. 
Often  it  is  still  fairly  regular,  but  in  many  instances  it  is  decidedly 
ragged;  always,  however,  it  is  approximately  circular.  The  most 
apparent  change  is  in  the  micleus.  This  has  become  irregular  and 
ragged  in  outline,  of  a  deeper  brown  color,  and  is  surrounded  by  a 
number  of  small  lumps  of  irregular  shape,  size  and  arrangement, 
which  have  apparently  been  broken  off  from  the  nucleus.  The  color 
and  granulation  of  these  globules  is  the  same  as  of  the  nucleus,  in 
which  the  granules  have,  by  this  time,  become  so  dense  and  thickly 
packed,  that  individual  ones  are  no  longer  readily  visible.  It  is  also 
very  noticeable  that  the  granulations  throughout  the  remainder  of 
the  colony  are  much  coarser  than  before,  and  the  area  of  the  clear 
colorless  outer  zone  is  much  diminished.  The  general  color  of  the 
colony  is  a  deeper  yellow  than  before,  and  the  translucency  is  greatly 
diminished. 

Forty-eight  lionr  stage. — The  colonies  now  average  from  five  to  six 
millimetres  in  size,  although  there  is  much  variation  in  this,  many 
being  smaller.  They  are  quite  white,  often  rather  rough  in  texture, 
are  no  longer  translucent,  but  ai'e  still  circular  in  outline.  The 
changes  seen  under  the  microscope  are  the  same  in  character  as  those 
noticed  before,  but  they  are  much  more  pronounced.  The  changes 
in  shape  may  lie  summed  up  by  saying  that  the  tendency  is  for  the 
granulations  to  Viecome  much  coarser,  so  that  at  this  stage,  the  colony 
is  hunpy  i-atlior  than  granular.  The  nucleus  is  no  longer  circular 
in  outline,  but  is  usually  oval,  often  lobulated,  and  of  a  deep  brown 
color.  The  entire  colony,  with  the  exception  of  a  small  area  around 
the  jieriphery,  is  closeh-  packed  with  irregularly  shaped  globules  of 
all  sizes,  but  the  larger  ones  are  mostly  grouped  aroimd  the  nucleus 
and  these  are  of  the  same  color  and  structure  as  the  nucleus,  but  of 
a  lighter  .shade.  Toward  the  margin  of  the  colony  the  globules  be- 
come more  scattered,  and  less  closely  packed,  until,  as  already  noted, 
there  is  a  narrow  band  aroTind  the  periphery  where  there  are  hardly 
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any  globules  oi-  lumps,  but  whicb  is  filled  with  very  coarse  granula- 
tions. Even  in  the  old  colonies,  the  outer  rim  is  nearly  colorless,  a 
gradual  transition  taking  place  between  the  deep  brown  of  the-  centre 
and  the  gradually  fading  brownisli-yellow  of  the  outer  portion.  Often 
colonies  are  found  in  which  the  nucleus  is  entirely  broken  up,  and 
the  only  difference  between  the  central  portion  and  the  remainder  is 
that  the  lumps  are  rather  larger. 

Beyond  this  stage,  the  changes  are  neither  particularly  character- 
istic nor  interesting,  and  consist  merely  of  a  further  disintegration  of 
the  structure  of  the  colony,  which  reaches  its  point  of  highest  devel- 
opment in  the  twenty-four  hour  stage. 

The  deep  colonies  are  of  either  a  lenticular  or  irregularly  spherical 
shape.  To  the  naked  eye,  they  are  dirty  yellow  in  color,  but  are 
yellowish-green  under  the  microscope  by  transmitted  light.  They  are 
smaller  than  the  surface  colonies,  and  are  finely  but  tliickly  granu- 
lated. Their  margins  are  at  first  quite  smooth,  but  as  they  grow 
older,  they  become  lined  \vith  protrusions  and  excrescences,  and 
finally  become  lobulated  to  such  an  extent  as  to  lose  their  original 
shape.  Coincidentally  with  this  change  they  become  deeper  in  color, 
until  finally  they  are  of  a  rather  deep  brown.  They  reach  their 
typical  appearance  at  about  the  twenty-four  hour  stage,  and  the  lobu- 
lation and  deepened  color  are  quite  characteristic  after  forty-eight 
hours'  growth. 

It  is  seen  from  this  description  that  the  colonies  are  very  similar 
to  those  of  the  colon  and  typhoid  bacilli.  In  our  work  of  isolating 
Bacillus  dysenterise  from  the  stools,  we  were  never  troubled  by  hav- 
ing to  distinguish  between  that  organism  and  the  typhoid  bacillus, 
because  of  the  ease  of  distinguishing  clinically  between  dysentery  and 
typhoid  fever,  but  B.  coli  was  a  continual  thorn  in  the  flesh.  N^ot 
only  is  it  present  in  practically  all  stools  except  those  of  the  very 
acute  dysenteries,  but  when  it  is  plated  out,  it  is  almost  impossible 
to  distinguish  it  from  B.  dysenteriae.  Of  course,  all  cultures  of  the 
colon  bacillus  unintentionally  made  from  plate  colonies  are  easily 
excluded  in  the  glucose  agar  stage  of  tlie  technique,  but  the  real  diffi- 
culty in  all  but  the  very  acute  cases,  is  to  succeed  in  gettiug  any  cul- 
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tures  of  B.  dysenterise  at  all,  since  the  colon  bacillus  is  present  in 
vastly  greater  numbers,  and,  without  any  sure  method  of  distinguish- 
ing the  two  species,  most  of  the  cultures  would  according  to  the  law 
of  chances  prove  to  be  B.  culi.  'J'lierefore  we  have  been  continually 
on  the  lookout  for  a  ready  method  of  distinguishing  the  two  species, 
and  we  think  we  have  been  successful  to  a  considerable  extent. 

The  colonies  of  B.  dysenterise  do  not  grow  so  luxuriantly  as  those 
of  B.  coli,  and  are  always  paler,  smaller,  and  less  white,  and  can 
usually  be  distinguished  in  this  way.  After  experimenting  along 
several  lines,  we  have  added  to  our  regular  technique  a  modiiication 
that  we  believe  to  be  of  great  assistance  in  separating  the  dysentery 
bacillus  from  the  colon  bacillus.  This  is  based  upon  the  more  rapid 
growth  of  the  latter.  The  plates  are  made  in  the  usual  way,  and  are 
set  in  the  incubator  for  twenty-four  hours,  when  they  are  taken  out 
and  every  surface  colony  on  the  plate  is  marked  by  scratching  on  the 
glass  directly  over  it  with  a  blue  wax  pencil.  The  plates  are  now 
put  in  the  incubator  again  for  from  12  to  24  hours,  and  when  they 
are  examined  at  the  end  of  this  period,  it  will  be  fouud  that  many 
new  colonies  have  come  out.  It  has  .been  our  experience  that, 
although  among  the  colonies  that  have  thus  developed  after  the  first 
twenty-four  hours,  there  will  be  a  few  colonies  of  B.  coli,  by  far  the 
greater  proportion  will  be  of  the  dysentery  bacillus,  and  that  this 
method  therefore  renders  very  valuable  assistance  in  isolating  the 
latter. 

Ordinary  Culture  Media. — Here,  as  in  the  ease  of  the  plates,  the 
cultures  from  the  different  sources  mentioned  presented  essentially 
similar  characters.  Shiga's  and  Kruse's  bacilli  sometimes  produced 
in  litmus  milk  a  little  more  acid  at  first  than  either  Flexner's  or 
Strong's  bacillus,  but  after  the  subsequent  change  to  the  alkaline 
reaction  one  culture  could  not  be  distinguished  from  another.  The 
organisms  isolated  in  this  country  also  coincide  in  all  particulars  with 
those  of  the  observers  mentioned. 

Plain  agar. — At  twdvr,  liours  a  thin  but  well-marked,  dull  grayish- 
white,  translucent  growth  is  observed  all  along  the  line  of  inocula- 
tion, having  a  perfectly  regular  margin. 
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At  twenty-four  hours  there  is  an  increased  growth,  with  a  uniform 
lateral  spreading,  but  otherwise  not  much  change. 

After  thirty-six  Itours  the  edges  of  the  growth  become  rather 
uneven,  and  the  lower  part  of  the  streak  is  somewhat  wider  than  the 
upper  portion.  It  i?  raised  somewhat  above  the  surface,  more  espe- 
cially in  the  centre  of  the  streak,  and  the  translucency  is  now  about 
gone,  the  color  being  more  nearly  creamy  white. 

At  forty-eight  hours  the  margin  of  the  streak  has  become  crenated, 
especially  at  the  lower  portion,  while  the  whole  of  the  growth  is 
denser  and  more  elevated. 

After  seventy-two  hours  often  a  slight  depression  may  be  noticed  in 
the  centime  of  the  streak,  and  the  color  is  a  decided  cream  white. 

From  now  on,  the  principle  change  of  interest  takes  place  along  the 
margin  of  the  gro^vth,  and  this  may  be  said  to  be  characteristic.  Es- 
pecially if  the  agar  is  still  fairly  moist,  the  margin  tends  to  become 
feathery,  slender  processes  budding  out  from  the  sides,  and  branching 
dichotomously.  Inasmuch  as  this  process  is  more  marked  towards 
the  bottom  of  the  slant,  there  is  a  gradual  tapering  off  towards  the 
top,  with  the  result  that  the  growth  now  reminds  one  strongly  of  a 
northern  fir. 

Gelatin. — After  tivelve  hours  of  incubation,  there  is  a  fine  film-like 
growth  along  the  path  of  the  needle.  The  growth  on  gelatin  is 
neither  so  rapid  nor  so  profuse  as  on  agar. 

At  twe)ity-four  lunirs  there  is  no  perceptible  change,  except  a  very 
slight  increase  in  the  ;iiiiriiiiit  of  the  growth,  and  even  this  is  often 
dubious. 

At  thirty-six  hours,  liowcver,  the  growtli  is  more  clearly  visible, 
and  if  examined  closely,  the  individual  colonies  can  be  made  out. 
There  also  now  begins  to  be  some  little  growth  on  the  surface,  imme- 
diately encircling  the  entrance  of  the  needle.  There  arc  no  further 
changes.  There  is  little  or  no  further  growth,  absolutely  no  tendency 
to  spread  out  over  the  surface  of  the  gelatin,  and  at  no  period  is  there 
lifpiefaction  or  clouding  of  the  mediiini. 

Potato. — At  twelve  hours  there  is  a  sliglit  gmwlli  visible,  which 
is  rather  traiisliii'ciit,  so  that  tlic  tnlic  must  lie  lirM  in  a  |>rii]H'r  lii;iil  to 
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permit  the  growth  to  be  seen  readily,  the  margin  Ls  irregular,  and  at 
first  there  is  no  coloration. 

At  twenty-four  hours  the  growth  is  fairly  profuse,  of  a  faint  yellow 
color,  with  a  shiny  surface,  spreading  rather  freely,  with  irregular 
edges. 

At  thirty-six  hours  the  growth  still  continues  to  spread  beyond 
the  line  of  inoculation,  and  is  raised  above  the  surface  of  the  mediiim. 

At  forty-eight  hours  the  surface  of  the  growth  has  become  rough- 
ened, with  a  yellow  color  centrally  that  fades  to  a  gray  towards  the 
periphery.  The  potato  is  usually  somewhat  discolored  around  the 
growth. 

At  seventy-tivo  hours  the  growth  seems  to  cease,  and  becomes  de- 
pressed in  the  middle  portion.  Beyond  this  stage  there  seems  to  be 
very  little  change,  until  the  time  when  the  potato  becomes  dry  and 
shrivelled. 

Blood  si'ruvi. — The  gTOwth  is  about  ae  rapid  and  profuse  as 
upon  agar.  At  twelve  hours  it  is  very  easily  discernible,  though  in 
color  it  can  hardly  be  distinguished  from  the  medium,  and  is  shiny 
and  translucent.     Tlie  margin  is  regular. 

At  twenty-four  hours  the  streak  is  larger  in  extent,  and  tends  to 
sink  below  the  surface  of  the  medium,  probably  on  account  of  some 
slight  liquefaction,  so  that  it  gives  the  impression  of  being  inlaid. 
The  margin  has  become  slightly  corrugated. 

After  thirty-six  hours  there  is  very  little  change.  The  streak  may 
increase  slightly  in  size,  but  there  is  nothing  further  charaetei'istic. 

Glucose  agar. — At  no  period  is  gas  produced. 

At  twelve  liours  there  is  a  distinct  granulated  growth  along  the 
path  of  the  needle,  of  a  dirty  grayish-wliite  color. 

At  twpiity-four  hours  the  quantity  is  increased,  and  there  is  a  small 
irregular  circle  of  growth  surrounding  the  point  of  entrance  of  the 
needle  on  the  surface.  This  tendency  toward  surface  growth  seems 
to  be  strictly  limited,  for  it  only  spreads  a  few  millimetres,  and  then 
no  further  change  is  ohserved.  After  some  days,  the  medium  be- 
comes slightly  and  uniformly  clouded. 

Bouillon. — A  cloud  is  produced  in  several  houi-s,  which  becomes 
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gradually  heavier,  until  at  the  end  of  twenty-four  hours,  it  is  very 
dense  and  a  sediment  fine  and  silt-like  in  character  has  begun  to  fall 
to  the  bottom  of  the  tube.  This  sedimentation  continues  for  several 
days  while  the  supernatant  liqiud  becomes  gradually  clearer  and 
clearer,  until  finally  the  sediment  is  several  millimetres  in  depth,  and 
the  supernatant  fluid  is  nearly  as  clear  as  before  inoculation.  At  no 
time  is  there  a  pellicle  formed. 

Bouillon  containing  one  per  cent  of  saccharose,  lactose,  and  glucose 
was  prepared  and  inoculated.  The  growth  was  similar  in  character 
to  that  of  the  plain  bouillon,  and  no  gas  was  produced  at  any  stage, 
with  any  of  the  sugars. 

Litmus  milk. — After  twelve  hours,  there  is  a  varying  amount  of 
acidity,  but  at  no  period  is  there  any  tendency  toward  coagulation. 

At  thirty-six  hours  the  milk  is  still  acid,  but  the  reddish  shade  is 
not  so  pronounced,  and  at  forty-eight  hours  it  is  very  evident  that  a 
gradual  change  back  to  the  original  color  of  the  medium  has  set  in. 
For  a  vai-ying  period  of  time  thereafter,  the  milk  remains  alkaline. 
This  state  of  affairs  usually  lasts  several  weeks,  when  there  may  be  a 
second  production  of  acid,  but  one  very  much  less  noticeable  than  the 
first  stage  of  acid  production.  If  the  culture  is  kept  for  several 
month?,  it  may  become  perfectly  white.  This  condition,  brought 
about  by  the  absti'action  of  oxygen  from  tiie  litmus,  may  be  readily 
ovex'come  by  shaking  the  tube  and  thus  bringing  the  liquid  into  a 
more  intimate  association  with  the  oxygen  of  the  air,  when  the  litmus 
assiimos  a  bluish  tint. 

M0RP)rOL0GV. 

The  bacillus  is  a  slender  rod  with  rounded  ends,  about  1  to  3  n 
long.  It  has  no  tendency  to  form  groups,  and  is  usually  found  singly, 
but  sometimes  in  pairs.  It  stains  readily  with  the  ordinary  aniline 
dyes,  is  not  stained  by  Gram's  staiu,  possesses  flagella,  and  a  capuulc  is 
sometimes  present.  Involution  forms  develoji  on  glucose  agar  in  a 
very  short  time,  often  in  twelve  hours.  Under  these  conditions  the 
bacilli  are  very  much  larger  in  every  way  and  of  strikingly  irregular 
form. 
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Flagella. — After  many  inisiiccessful  attempts  we  succeeded  in  dem- 
onstrating the  presence  of  flagella.  They  are  numerous,  entirely 
suiTound  the  body  of  the  bacilln.^,  and  are  eight  to  ten  times  its  length. 
They  are  very  delicate,  and  are  arranged  in  a  wavy  manner  that  re- 
calls the  delicate  hair-like  fibrils  of  floating  seaweed.  In  other  speci- 
mens in  which  the  flagella  were  more  broken  up  by  the  manipulations, 
they  simply  form  a  net  work  radiating  in  all  directions,  without  creat- 
ing the  beautiful  picture  referred  to  above.  To  stain  the  flagella  is 
a  very  difficult  task,  inasmuch  as  no  directions  can  be  given  that  will 
ensure  success  without  a  good  many  preliminary  trials.  Even  when 
we  felt  that  we  had  the  method  perfected,  we  did  not  succeed  to  our 
satisfaction  oftener  than  once  out  of  ten  or  fifteen  trials.  The  follow- 
ing method  is  the  one  with  which  we  were  most  successful,  and  is  a 
modification  of  van  Ermengem's  method.  On  an  absolutely  clean 
cover  slip  place  a  drop  of  sterile  distilled  water,  and  inoculate  this 
with  bacteria  obtained  from  a  plain  agar  culture  not  more  than  twelve 
hours  old,  being  careful  not  to  make  too  heavy  a  suspension.  Cover 
the  slip  carefully  to  prevent  dust  from  falling  on  it,  and  allow  it  to 
stand  for  15  to  20  minutes.  This  is  to  allow  the  bacteria  to  become 
scattered  over  the  surface,  without  the  necessity  of  spreading  them 
with  the  platinum  needles,  which  breaks  up  the  flagella.  We  have 
ne\er  obtained  a  specimen  with  the  flagella  unbroken  that  has  been 
spread  with  a  needle.  Dry  in  the  air,  without  heating  at  all,  and 
then  pass  the  slip  once  through  the  flame  for  fixation.  Now  cover 
the  slip  with  van  Ermengem's  solution  no.  1,  and  allow  it  to  remain 
for  two  or  three  hours,  without  heating  it,  adding  enough  of  the  solu- 
tion from  time  to  time  to  prevent  its  drying  on  the  slip.  The  mor- 
dant is  to  be  washed  off  very  gently  with  distilled  water,  until  it  is 
all  removed,  and  without  drying  the  slip,  the  second  solution,  silver 
nitrate  0.6^  is  dropped  on.  This  is  to  remain  for  five  miniates,  when 
it  is  poured  off,  and  the  slip  is  placed  in  van  Ermengem's  solution 
no.  3.  This  is  allowed  to  remain  imtil  the  color  is  a  light  brown  (not 
dark),  when  it  is  poured  off  and  the  film  is  washed  again  in  distilled 
water,  and  cleared  in  1  to  1000  acetic  acid,  and  again  washed  in 
Avater,  dried  and  mounted.     It  will  be  seen  from  this  account,  that 
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our  principle  modifications  consisted  in  not  heating  tlie  mordant,  but 
in  allowing  it  to  remain  on  for  a  much  longer  time  in  the  cold,  in  not 
using  any  alcohol  after  the  mordant,  and  in  using  a  somewhat  stronger 
silver  nitrate  solution  than  van  Ermengem  gives  in  his  fonnula. 

Motility.- — 'We  can  only  say  with  regard  to  this  point,  that  in  none 
of  our  cultures  was  motility  observed,  and  this  applies  to  the  organ- 
isms of  Shiga,  Flexner,  Strong,  Kruse,  and  those  that  we  isolated. 
After  having  demonstrated  the  presence  of  flagella,  it  is  at  any  rate 
possible,  and  even  probable,  that  at  some  period  of  their  existence,  or 
under  favorable  conditions  as  yet  imdetermined.  the  bacilli  are  mo- 
tile; but  we  have  looked  for  motility  at  almost  all  ages,  and  under 
varying  conditions,  and  have  never  succeeded  in  finding  it. 

Pathogenic  Properties. — The  pathogenicity  of  the  bacillus  has  up 
to  this  time  been  little  studied  by  us  by  experimentation  upon  animals. 
Guinea-pig^  succumb  to  intraperitoneal  inoculation  in  less  than 
twenty-four  hours,  the  lesions  consisting  in  those  of  a  sero-fibi"inous 
peritonitis.  Bacilli  are  abundant  in  the  exudate,  and  may  also  be 
cultivated  from  the  heart's  blood. 

AGGLUTINATIOX    REACTIOXS. 

Much  time  was  devoted  to  a  study  of  the  agglutination  reactions  of 
the  bacilli  isolated  by  us  and,  at  the  same  time,  of  those  cultures  with 
which  we  first  worked,  namely,  Shiga's,  Flcxner's,  Kruse's  auil 
Strong's.  The  blood  for  the  tests  came  from  a  wide  series  of  cases, 
including  the  majority  of  those  from  which  stools  were  studied,  and 
some  in  Avhich  stools  or  autopsies  were  not  obtainable.  In  addition 
to  the  human  blood  we  were  supplied  with  the  sample  of  anti-dysen- 
teric serum  sent  by  Dr.  Shiga  to  Dr.  Flexner.  Some  interesting  re- 
sults were  also  obtained  with  several  specimens  of  blood  sent  by  Dr. 
Ross  from  Morven,  North  Carolina,  where  a  short  time  ])reviously 
acute  dysentery  had  prevailed. 

In  all  cases,  control  tests  of  the  blood  sera  were  made  with  sus- 
pensions of  B.  coli  and  B.  typliosus,  and  normal  blood  was  frequently 
used  as  a  control  for  the  specific  sera.  We  never  obtained  an  agglu- 
tination in  any  of  these  control  tests,  no  matter  what  diliitiim  wa^ 
used. 
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The  tests  consisted  (1)  of  the  reactions  of  the  patient's  own  blood 
with  the  cultures  of  Shiga,  Flexner,  Strong,  Kruse;  (2)  of  the  reac- 
tions of  the  bacilli  isolated  bv  us  with  the  patient's  own  blood  and 
with  other  sera  that  liad  been  previously  tested  and  proved  to  possess 
agglutinating  properties  toward  B.  dysenterise;  and  (3)  the  reactions 
toward?  Shiga's  anti-dysenteric  serum. 

In  order  to  avoid  repetition  and  the  use  of  unnecessary  space  only 
two  tables  will  be  given.  They  represent  the  results  of  tests  made 
with  the  sera  obtained  from  cases  of  dysentery  and  with  the  anti-serum 
of  Shiga.  The  bacilli  and  the  blood  are  designated  by  the  name  of 
the  patient  from  whom  they  were  obtained.  The  first  column  gives 
the  source  of  the  serum,  the  second  of  the  culture,  the  third  the  dilu- 
tion employed,  and  the  fourth  the  result.  The  final  result  may  repre- 
sent a  reading  as  late  as  several  hours  after  mixture  of  the  culture 
and  diluted  serum. 

TABLE  I. 
Agglltination  Reactions  with  Blood  of  Patients. 


Hlood. 

Suspension. 

Dilution. 

Result. 

Ihr. 

Final. 

Sliiga 

Strong   

Flexner  G 

H 

Kruse 

Vincent 

Dnvia 

]-30 

1-50 

1-16 
1-500 
1-200 
1-20 

+ 
+ 

+ 
+ 
+ 
+ 
-1- 
+ 
-1- 
+ 
+ 
+ 
+ 
+ 
+ 

+ 

+ 

+ 

+ 

-1- 

+ 

+ 

+ 

Strnnir                                

+ 

Flexner G 

H                

+ 

+ 

Cook 

-1- 

+ 

Kinny 

Alyvaid 

,, 

+ 

J, 

+ 

The  uniformly  positive  results  in  the  tables  given  serve  as  ex- 
amples of  the  numerous  additional  tests  made. 

Certain  variations  in  the  appearance  of  the  clumping  were  observed. 
The  forms  taken  by  the  masses  of  bacilli  may  be  divided  into  two 
groups:  in  the  one,  the  bacteria  were  tangled  in  tight  bunches,  as  is 
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commonly  seen  in  the  Gniber-Widal  reaction;  in  the  other,  the  bac- 
teria were  united  end  to  end  and  thus  formed  long  threads  which 
were  interlaced  so  as  to  give  rise  to  a  loose  skein.  This  latter  appear- 
ance has  been  noted  both  by  Kriise  and  by  Flexner,  but  it  seems  to 
be  the  exception. 


Agglutination" 

TABLE   11. 

Reactions  with  Shiga's  Anti-Dvsesteiuc  Sekum  (designated 
A.  D.  8.  IN  THE  Table). 

elision. 

Dilution. 

Result. 

" 

1  hr. 

Final. 

A.  1). 

S     

1-200 

i-;ioo 

l-.50(l 

l-oOO 

1-.51I0 

1-2.5 

1-200 

1-100 

l-.iOO 

1-.500 

I -.50 

1-100 

1-100 

1-100 

1-3.5 

1-30 

+ 
+ 
+ 

+ 
+ 
+ 
+ 

+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 

-t- 
+ 
-1- 
-1- 
- 

+ 
+ 
+ 
+ 
+ 
-1- 

:      1 

+ 

H 

Sliiga        

Flexner  H . 
G. 

Shiga 

Strong. .  .  . 

Shiga 

Flexuer... 

B.  typh.  as 
Davis      .  .  . 

control.  . 

Vincent    

Tedjmus 

Sykes ------- 

Alyvard  . .  . 
Seward  .  . . 

Cook .... 

Kelly 

Smith 

The  agglutinating  properties  do  not  appear  in  the  blood  imme- 
diately upon  the  appearance  of  clinical  symptoms.  This  is  shown  by 
the  fact  that  we  have  had  some  patients  suifering  from  undoubted 
dysentery,  from  whose  stools  we  secured  B.  dysciitcriaj,  and  yet  their 
blood  serum  was  negative  or  nearly  so. 

The  reaction  is,  moreover,  capable  of  disappearing  from  the  blood 
in  a  rather  sudden  manner.  The  !McShara  case  of  the  New  Haven 
e]iidcmic  indicates  tliis.  W'iieii  we  reached  New  Haven  the  patient 
was  convalescent,  but  her  blood  reacted  with  the  bacilli  of  Shiga, 
Flexner,  etc.,  and  also  with  the  cultures  from  the  Pliiladelphia  cases. 
'Ilic    dilutions   employed   were    1    to   200.      Two   weeks   later,    fresh 
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blood  being  taken,  reaction  even  in  1  to  10  dilutions  could  not  bo 
obtained  with  any  of  the  bacilli  in  our  possession. 

While  the  agglutinating  properties  of  the  bacilli  from  different 
sources  are  very  much  the  same,  still  there  are  differences  in  degree. 
Certain  strains  of  bacilli  react  better  with  a  given  serum  than  do 
others  as  is  shown  by  the  fact  that  if  high  dilutions  are  used,  some 
forms  will  always  drop  out  sooner  than  others.  We  have  never  made 
a  test  with  high  dilutions  in  which  all  the  varieties  would  be  positive 
to  a  certain  point  and  then  all  drop  out  together.  Again,  with  cer- 
tain weak  sera,  while  certain  of  the  varieties  of  bacilli  were  positive, 
occasionally  we  have  found  one-  or  two  that  absolutely  refused  to 
react.  It  nnist  also  be  iioted  that  certain  sora  are  very  powerful  ag- 
glutinators,  while  others,  taken  from  patients  with  just  as  severe  a 
dysentery,  which  has  existed  quite  as  long,  are  comparatively  very 
weak.  In  general  it  may  be  said  that  the  sera  obtained  from  the 
Xew  Haven  patients  were  very  strong,  while  those  obtained  from 
Lancaster,  Philadelphia  and  Morven,  X.  C,  were  in  almost  all  cases 
comparatively  weak. 

DISCUSSION  OF  THE  RESULTS. 

To  sum  up  the  results  of  this  study  would  be  to  state  that  the  obser- 
vations of  Shiga  made  upon  the  dysenteries  in  Japan,  of  Flexner 
upon  the  same  disease  in  the  Philippine  Islands  and  in  Porto  Rico, 
and  of  Kruse  in  Germany,  can  be  applied  to  the  acute  dysenteries  of 
this  country.  So  far  as  the  results  of  modern  bacteriological  study 
can  be  trusted,  all  the  criteria  have  been  successfully  fulfilled  in  estab- 
lishing the  bacillus  obtained  from  the  wide  range  of  cases  here  re- 
ported to  be  the  cause  of  the  dysentery  from  which  the  patients  suf- 
fered— that  is,  all  the  criteria  which  have  been  set  up  as  the  result 
of  the  study  of  the  disease  in  the  places  mentioned,  for  in  all  one  con- 
dition has  been  lacking,  namely,  the  production  of  the  disease  by 
inoculation.  Of  the  pathogenicity  of  the  organism,  there  is  abundant 
proof;  and  the  bacillus  isolated  by  us  is  likewise  pathogenic  for  labora- 
tory animals.  But  in  no  ease,  unless  the  effects  of  the  subcutaneous 
14 
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injections  carried  out  by  Flexner  '  be  taken  as  proof,  have  specific 
intestinal  lesions  been  produced  in  animals  inoculated  with  the  or- 
ganism. In  two  instances  related  by  Flexner  circumscribed  lesions 
consisting  of  swelling  and  necrosis  of  the  intestinal  mucous  membrane 
in  rabbits  followed  the  injections.  The  character  of  the  lesions,  only 
briefly  described,  agrees  with  similar  appearances  which  occasionally 
result  from  the  inoculation  of  these  animals  with  virulent  cultures 
of  B.  typhosus  and  B.  coli.  In  two  instances  the  symptoms  of  dysen- 
tery have  followed  ingestion  of  cultures  of  B.  dysenterise  by  human 
beings.  The  first  is  reported  by  Flexner  *  and  was  the  result  of  acci- 
dental inoculation:  the  second  by  Strong,"  who  fed  a  culture  to  a 
Filipino  prisoner.  Both  men  developed  characteristio  symptoms, 
and  Strong  recovered  the  bacillus  from  the  dejecta  of  his  patient. 

The  present  study  also  bears  upon  two  other  important  phases  of 
the  problem:  the  cause  of  sporadic  dysentery,  and  that  of  the  dysen- 
tery of  institutions,  such  as  those  for  the  insane.  The  cases  arising  in 
Philadelphia  were  not  a  part  of  an  epidemic;  they  were  scattered 
cases,  most  of  them  being  among  the  inmates  of  the  Philadelphia 
Hospital.  But  others  arose  in  widely  removed  portions  of  the  city, 
and  were  encountered  in  the  Pennsylvania  Hospital.  Neither  did 
these  cases  become  centres  of  infection,  for  at  no  time  in  the  summer, 
while  this  work  was  being  prosecuted,  did  a  considerable  number  of 
them  occur. 

It  is  also  significant  that  several  of  the  sporadic  cases  were  "  ter- 
minal "  dysenteries.  The  patients  were  chronic  invalids,  and  had 
suffered  long  from  chronic  Bright's  disease,  the  autopsy  establisliing 
the  existence  of  the  small  contracted  kidney. 

The  Lancaster  and  New  Haven  outbreaks  were  typical  institutional 
epidemics.  Since  tlie  appearance  of  Kruse's  '°  second  paper  it  has 
become  of  much  interest  to  decide  upon  the  exact  nature  of  the  so- 
called   institutional  dysentery.     Kruse  considers   that   the  cause  of 

'  r/nii'.  of  Peima.  .Vediail  BuHetiu,  I'.IOl,  xiv,  p.  li>l. 

"  r/,ilatlelphia  Metl lent  Journal,  1900,  vi,  p.    414. 

"Repiirt  of  the  Surgeon  General  of  the  Army,  Washinu'ton,    I'.IOO. 

'"JJeuUehe  med.   Wocheiisclirift,  I'JOl,  p.  370. 
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this  is  different  from  that  of  the  epidemic  dysenteries  in  general,  and 
he  has  been  led  to  choose  the  unfortunate  term  of  "  pseudo-dj'sen- 
tery  "  to  designate  the  disease  as  it  appears  in  asylums  for  the  insane. 
Our  studies,  which  were  mainly  upon  institutional  epidemics,  show 
this  position  to  be  untenable.  For  not  only  are  the  cultural  proper- 
ties of  the  bacillus  obtained  by  us  from  institutional  outbreaks  identi- 
cal with  those  of  bacilli  obtained  from  ordinary  epidemics,  but  thoy 
agree  with  the  standard  cultures  used  throughout  this  investigation, 
and  exhibit  similar  agglutinating  reactions  with  them  to  positive 
blood  sera. 

The  question  of  motility  has  been  somewhat  mooted,  in  that  Shiga, 
Flexner,  and  Strong  all  described  some  motility,  while  Kruse  has 
never  been  able  to  detect  it.  Our  observations  are  in  this  regard  in 
agreement  with  those  of  Kruse,  although  the  demonstration  of  liagella 
has  an  important  bearing  upon  the  ultimate  solution  of  this  question. 

CONCLUSIONS. 

1.  The  several  standard  cultures  used  in  this  study  are  indistin- 
guishable— a  conclusion  previously  reached  and  stated  by  Flexner. 

2.  The  acute  dysentery  of  the  United  States  is  due  to  a  bacillus 
indistinguishable  from  that  obtained  from  the  epidemics  of  dysentery 
in  several  other  parts  of  the  world. 

3.  The  sporadic  and  the  institutional  outbreaks  of  acute  dysentery 
are  caused  by  the  same  microorganism,  and  this  organism  is  identical 
with  that  causing  epidemic  acute  dysentery. 

4.  The  cause  of  acute  dysentery,  whether  sporadic,  institutional,  or 
epidemic,  is  Bacillus  dysenterice  Shiga. 
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INTRODUCTION. 

Although  the  occurrence  of  albmninuria  after  injection  of  certain 
proteids,  notably  egg-albumen,  has  long  been  recognized,  many  de- 
tails of  this  phenomenon  have  received  but  scant  attention.  At  the 
time  when  this  research  was  started,  in  the  spring  of  1897,  very  little 
was  known  concerning  the  ratio  of  the  proteid  which  is  excreted, 
the  time  required  for  excretion,  and  the  factors  which  influence  these; 
nor  were  there  any  very  definite  data  about  the  fate  of  that  portion 
which  is  retained,  about  the  changes  occurring  in  the  kidneys,  and 
about  certain  toxic  effects  produced.  Since  then  a  number  of  im- 
portant papers  dealing  with  this  subject  have  made  their  appear- 
ance and  have  in  large  part  anticipated  some  of  our  results.  How- 
ever, the  topic  is  even  now  far  from  exhausted;  many  questions  have 
only  been  touched  upon  and  others  will  bear  further  support.  We 
have,  therefore,  extended  our  research  along  lines  not  originally 
contemplated,  and  the  presentation  of  the  experiments  in  the  order 
in  which  they  were  performed  would  not  do  justice  to  the  subject. 
"We  have  accordingly  grouped  them  under  various  headings. 

The  tables  will  take  the  place  of  more  extended  protocols. 


I.       TABLES    OF    EXPEEIMENTS. 
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One  of  us  (Sollmann)  is  responsible  for  experiments  I  to  XXI.  and 
44  to  72.  The  others  were  done  by  its  jointly.  We  take  tliis  oppor- 
tunity of  acknowledging  our  obligations  to  Professor  G.  X.  Stewart, 
who  first  directed  our  attention  to  this  subject,  and  in  whose  laboratory 
the  first  experiments  were  made.  We  are  also  greatly  indel)ted  to 
Professor  Wm.  T.  Howard,  Jr.,  for  the  preparation  and  description  of 
the  greater  part  of  the  histological  material. 

II.       METHODS. 

A.     Operation. 

A  known  quantity  of  cgg-albunien,  obtained  Ijy  dissolving  egg  white  in 
distilled  water  or  normal  salt  solution  (and  always  containing  a  small 
cjuantity  of  egg-globulin),  was  injected  under  anaesthesia  into  the  fem- 
oral vein  (dog)  or  into  the  jugular  (rabbit);  or  without  ancesthesia 
into  the  ear  vein  or  intraperitoneally  or  hypodermatically,  and  the 
urine  was  collected  by  the  methods  presently  to  be  described.  The 
dogs  were  anaesthetized  with  morphine  and  ether,  using  the  smallest 
quantity  of  the  latter  which  would  keep  the  animal  quiet.  To  insure 
against  albuminuria  from  the  anaesthetic,  the  urine  was  drawn  and 
analyzed  immediately  before  injection.  The  absence  of  a  notable 
quantity  of  globulin  in  typical  experiments  is  also  an  indication  that 
in  these  no  part  of  the  albuminuria  resulted  from  the  anaesthetic.  The 
anaesthesia  was  performed  on  rabbits  by  injecting  through  a  catheter  a 
solution  of  chloretone  into  the  stomach,  or  urethane  into  the  rectum. 
The  amounts  axe  noted  in  the  foregoing  tables.  The  injection  of  the 
proteid  solution  was  made  fairly  rapidly  through  a  burette  connected 
with  the  femoral  vein  l)y  a  glass  cannula.  It  was  aimed  to  make  the 
operation  aseptic,  but  in  the  case  of  the  dogs  we  were  not  uniformly 
successful  in  this  respect. 

The  method  of  collecting  the  urine  differed  with  the  experiment. 
After  intravenous  amd  intraperitoneal  injection,  the  animals  were 
placed  in  a  zinc-lined  or  galvanized-iron  cage,  with  an  opening  for  the 
collection  of  the  urine.  The  cage  was  washed  daily  with  distilled 
water  and  the  washings  placed  with  the  iirine;  it  was  then  flushed  with 
a  small  qiiantity  of  saturated  boric  acid  solution,  and  some  of  this 
was  also  placed  in  the  collecting  vessel.  The  urine  collected  in  this 
way  showed  no  trace  of  decomposition.  In  the  metabolism  experi- 
ments, the  animals  were  catheterized  daily  and  their  bladders  rinsed 
with  distilled  water.  These  animals  were  fed  purely  on  oats  and 
water.     The  dogs  received  their  customary  diet  of  meat,  bread  and 
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With  intraveuous  iujectiou,  the  dogs  (female)  were  catheterized 
before  the  injection  was  made,  and  the  catheter  was  left  in  position 
for  an  hour  or  two  after  the  injection;  the  animals  being  kept  on  the 
operating  board,  lightly  under  the  influence  of  ether.  The  wound 
was  then  stitched  and  covered  with  collodion  and  the  animals  were 
placed  in  cages  for  the  further  collection  of  urine.  In  the  experi- 
ments in  which  it  was  desired  to  know  only  the  ratio  of  the  excretion 
of  the  different  proteids,  thin  glass  tubes  were  tied  into  the  ureters 
and  the  urine  was  collected  directly  from  these,  the  animal  in  this 
case  not  being  allowed  to  recover  from  the  angesthetic. 

The  same  animals  were  sometimes  used  a  second  time  after  they 
had  completely  recovered  from  the  effect  of  the  first  injection.  When 
an  animal  died,  a  careful  autopsy  was  made  and  the  kidneys  were 
examined  histologically  after  hardening  and  sometimes  also  in  the 
fresh  condition.  In  certain  cases,  other  organs  were  also  preserved 
in  Orth's  fluid,  sectioned,  and  stained  with  hiematoxylin,  eosin,  and 
for  iron. 

B.     Analytical  Methods. 

In  a  majority  of  the  experiments  we  directed  our  attention  mainly 
to  the  total  quantity  of  proteids,  but  tested  in  each  of  experiments 
I-XLIV  for  sugar  (Trommer's  test)  and  for  non-coagulable  proteid 
(ferrocyanide   reaction   in  the   absence   of  eoagulable   proteid).      For  j 

further  analysis  the  urine,  if  not  already  acid,  was  treated  with  1^  M 

acetic  acid  until  it  just  reddened  litmus  paper.     It  was  then  filtered  T 

and  the  eoagulable  proteid  determined  gravimetrically  in  a  definite 
volume  (10-100  cc).  The  same  method  was  used  for  the  albumen 
solution.     The  iirines  of  experiments  I-XLIV  were  always  tested  quali-  B 

tatively  and  often  quantitatively  for  globulins  by  Pohl's  method  (half-  li. 

saturated  sol.  ammonium  sulphate). 

In  the  experiments  in  wliich  we  intended  to  weigh  separately  the 
precipitates  occurring  at  different  temperatures,  we  heated  the  urines  \ 

slowly  in  a  large  water-bath  and  kept  them  at  the  desired  temperature  r 

for  i  hour.     If  the  quantity  of  material  admitted,  a  separate  sample  | 

was  taken  for  each  temperature.     In  the  observations  on  metabolism,  • 

where  we  wished  to  determine  the  quantity  of  the  various  nitrogenous 
constituents,  the  small  amount  of  material  and  the  numerous  deter- 
minations to  be  made  rendered  it  necessary  to  institute  some  prelimi- 
nary experiments  for  the  selection  of  a  suitable  method  of  analysis. 

Preliminary  Experiments  for  the  Selection  of  a  Method  of  Analysis. 

1.  Determination   of   Vrea. — The   pcparation   of   the   different   nitrogenous 

constituents  was  effected  in  the  first  place  by  phosphotungstie  acid  in  hy- 
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drochloric  solution..  .As  has  been  shown  by  various  experimenters,  the  pre- 
cipitation of  nitrogenous  bodies  by  this  substance  is  not  perfectly  rigor- 
ous. The  amount  of  precipitation  varies  with  the  time  during  which  the 
reagent  is  allowed  to  act,  with  the  sample  of  the  reagent  and  with  the 
dilution.  The  following  results  are  given  by  the  different  observers  who 
have  investigated  this  subject.  Our  own  observations  are  included  in 
this  compilation: 


TABLE  v.— PRECIPITATION'  OF   NITROGENOUS  SUBSTANCES  BT 

PHOSPHOTUNGSTIC  ACID. 

[Where  a  space  is  left  blank  in  the  table,  the  substance  has  not  been  investigated]. 


Mallet  (1).* 

Reid  (2).* 

Schondorff  (3).* 

SoUmann  and 
Brown. 

Precipitated — 

Egg  albumen 

Serum  proteid 

Mvosin 

Precipitate,   In- 
soluble in  hot 
water. 





Prec.  soluble  in 
hot  water. 

0 
0 

0 
0 

0 
0 
0 

0 

SO  to  90S  prec. 
Precipitate. 

0 

0 
0 

"o  " 

0 
0 

0 

Prec.  complete. 

Prec.  complete. 

0 

0  (absolutely' 
0 
0 
0 

0 
0 

0 
0 
0 
0 

Prec.  complete. 

- 

Vitellin   

Casein 

Fibrin 

Haemoglobiu 

Albumoses 

Gelatin 

Prec.  complete. 

Chondrin 

Xantbin  series 

Xantbin 

Uric  acid 

Caffein 

Prec.  complete. 

Ammon.  sulphate. . 
Creatin 

Precipitate  87^ 

Used    Schncbardt'8 
scid.    Kahlbsam'B  pre- 
cipitates only  partially, 
Met^'a    completely 
(PfaDdler). 

Betain 

Hypoxanthin 

Not  precipitated— 

0  (absolutely) 

AUantoin 

Alloxantin 

Asparagin   

Aspartic  acid 

Glycocoll 

Glutamic  acid 

Taurin 

Tyrosin 

*  These  numbers  refer  to  the  bibliogrraphj  at  the  end  of  this  article. 
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Phosphotiingstic   acid  allows  us  to  separate  therefore: 

//(  solution:  Urea,    amido-ackls    and    peptones.     Since  the   last   two  exist 

only  in  traces,  the  filtrate  may  practically  be  interpreted  as  urea. 

7)1   precipitate:  Proteids    (coagulable  and   albumoses),   uric   acid,   xanthin 

bodies  and  ammonia. 

The  following  protocols  give  the  experiments  made  to  test  the  method.  The  detail 
of  the  tests  are  the  same  as  given  below  (p.  2'i2i. 

1.  Phosphotungstic  acid -|- egg-albumen  z=  Precipitate  (filtrate  free  from  biuret.) 

"  "         4- Peptone  (Witte)      ^:  Precipitate. 

"  "         -j-  Sodium  Urate         zzz  " 

"  "         -|-  •^™™°°- ^"Ipl^"'^  ^  " 

"  "         +  Urea  z=  no  precipitate. 

2.  Urea:   the  filtrate  yields  ST^  of  the  calculated  nitrogen. 

.3.  Ammoninm  Sulphate:  the  filtrate  yields  VA^i  of  the  calculated  nitrogen  of  the 
ammonia. 

4.  Mixture  of  urea,  ammonium  sulphate,  sodium  urate  and  peptone  (Witte).  The 
filtrate  shows  104<^  of  the  urea. 

.5.  Mixture  of  urea,  ammoninm  sulphate,  sodium  urate  and  peptone  (Witte).  The 
filtrate  shows  114;^  of  the  urea. 

It  will  be  seen  that  the  fig-iires  for  the  urea  are  somewhat  in  excess. 

2.  Determination  of  Ammonia. — This  was  done  by  Schloesing's  Method, 
which  was   tested  as   follows: 

1.  Parallel  determinations  on  annuon.  sulphate  solutions  give; 

Desiccation 1.000 

Distillation  with  sodium  hydrate 0.925 

Sulphuric  acid  by  barium 0.977 

Schloesing 0.905 

Hypobromite 0.778  * 

2.  Schloesing's  method  on  a  mixture  of  aramun.  sulphate,  urea,  sodium  urate,  pep- 
tone (Witte),  and  coagulable  proteid  yields  lOS^^  of  the  ammonia. 

3.  Schloesing's  method  on  another  similar  mixture  yields  107"^  of  the  ammonia. 
Tlu;  method  yives  aliijlitly  excessive  results. 

:).  Determination  of  Coayiilahle  Proteids. — This  was  done  by  heating-  the 
slightly  acidulated  urine  with  sodium  sulphate  to  boiling,  and  then  add- 
ing a  few  drops  of  ferric  acetate.  A  Kjeldahl  determination  was  then 
done  on  the  precipitate  and  filter,  the  nitrogen  of  the  filter  being  sub- 
tracted. 

Ferric  acetate  gives  no  precipitate  with  sodium  urate  or  Witfc's  pc])- 
tone. 

The  difference  obtained  l)y  subtnutiiig  tlie  nitrogen  of  the  urea, 
ammonia  and  coagulable  proteid  from  the  total  nitrogen  represents 
the  nitrogen  of  albumoses.  .xanthin  bodies  and  uric  acid,  minus  the 
somewhat  variable  factor  of  error  in  tlie  above  determinations. 

To  eliminate  this  >in<'ertain  quantity  and  to  obtain  a  further  insight 
into   the   makt'-up  of   this   rest   we   tried    various   methods   of   (lire<'tly   osti- 

*The  decomposition  with  hypobromite  was  undertaken  with  a  view  of  utilizing 
this  method  for  the  determination  of  the  ammonia.  It  is  seen  that  the  result  l» 
unreliable. 
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mating  these  constituents;  but,  it  must  be  confessed,  with  indifferent 
success. 

Our  experiments  were  restricted  to  such  quantities  and  concentrations 
as  we  could  expect  in  rabbit's  urine,  and  we  cannot  make  anj'  statements 
concerning  the  usefulness  of  these  methods  when  employed  under  other 
conditions. 

4.  Determination  of  Alhumoses. — We  tried  the  bromine  and  zinc-sulphate 
methods  (for  details  see  below).     The  following  are  our  results: 

(o)  Bromine  Method  (Wiley)  (4):  1.  Mixture  of  Witte's  peptone  and  uric 
acid  yields  74  per  cent  of  the  albumose. 

2.  Mixture  of  Witte"s  peptone,  egg-albumen,  sodium  urate,  urea  and 
ammonium  sulphate  yields  79  per  cent  of  the  albumose. 

Whilst  the  method  is  inaccurate,  the  comparative  values  obtained  by 
it  are  probably  useful. 

h)  ZinCrHulpluite  Method. — This  was  tried  onlj-  in  the  last  series  of  ex- 
periments, but  gave  the  most  promising  results  of  all: 

1.  Peptone    (Witte):    Completely  precipitated;    no  biuret  in  filtrate. 
Egg-albumen:  Completely  precipitated;  no  biuret  in  filtrate. 

2.  Sodium  urate.    1 

J-  „  >  no  precipitate. 

Lrea,  j         ^        ' 

(e)  Almen's  tannin  mixture  gave  the  follo-n-ing  results: 

1.  Sodium  urate:    Precipitated   71  per  cent   of  the  uric  acid. 
Ammonium  sulphate   and  urea:    Xo  precipitate. 

2.  Sodium  urate,  ^  were  mixed  with  urea  and  ammonium  sulphate. 
Peptone  (Witte),  v  The  precipitate  with  Almen's  mixture  contained 
Egg-albumen.  )    but  30  per  cent  of  their  nitrogen. 

This  reagent  is  therefore  not  applicable. 

The  methods  of  directly  estimating  the  alloxur  bodies  and  uric  acid  appear 
to  require  much  larger  quantities  of  urine  than  we  had  at  our  disposal, 
and  demand  so  much  time  that  we  did  not  give  them  a  thorough  trial. 

The  methods  finally  adopted  are  the  following: 

1.  Total  nitrogen,  by  Kjeldahl:  2  to  5  cc.  of  urine  are  placed  iu  a 
250  ec.  flask  with  20  cc.  of  concentrated  sulphuric  acid,  mercury  being 
added  in  just  sufficient  amount  to  aid  oxidation,  and  the  mixture 
boiled  until  almost  colorless.  The  flask  is  allowed  to  cool  and  the 
contents  rinsed  into  a  litre  flask  with  three  portions  of  distilled  water, 
of  about  75  cc.  each.  A  few  pieces  of  metallic  granulated  zinc  are 
then  added,  followed  quickly  by  70  cc.  of  a  iO"^  (by  weight)  solution 
of  caustic  soda  and  10  cc.  of  40^  solution  of  sidphuret  of  potash.  The 
flask  is  quickly  connected  with  a  Liebig  condensor,  and  heated  until 
the  distillate  is  free  from  ammonia.  The  distillate  is  received  in  a 
flask  fitted  air  tight  to  the  conden.«or.  This  flask  contains  a  measured 
amount  of  decinormal  sulphuric  acid,  and  is  also  connected  with  a 
TJ-shaped  absorption  tube  charged  with  the  same.  The  distillate  is  then 
titrated,  methyl  orange  (U.  S.  P.)  being  used  as  an  indicator. 
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A  blank  determination  was  made  on  every  new  lot  of  chemicals  and 
corrections  applied  if  necessary. 

Duplicate  determinations  were  made  in  many  cases,  but  not  in  all. 

2.  Phosphotungstic  Filtrate. — A  solution  of  phosphotungstic  acid 
(100  ccm.  phosphotungstic  acid  (Schuchard)  to  800  cc.  of  4^  hydro- 
chloric acid)  is  added  to  5-20  cc.  of  urine  diluted  to  about  30  cc,  until 
no  further  precipitate  occurs,  then  made  up  to  50  cc.  and  allowed  to 
stand  from  one  to  three  hours,  filtered,  and  the  nitrogen  determined 
as  above  on  20  or  25  cc.  of  the  filtrate.  The  result  gives  the  nitrogen 
of  urea. 

3.  Ammonia  (Schloesing). — 20-50  cc.  of  urine  are  mixed  with  10-20 
cc.  of  milk  of  lime  and  placed  in  a  desiccator  with  a  porcelain  capsule 
which  contains  10-20  cc.  of  decinormal  sulphuric  acid.  This  is  allowed 
to  stand  for  five  days  and  the  excess  of  acid  titrated.  The  result  gives 
nitrogen  of  ammonia. 

4.  Coagulalle  Proteids. — 50-150  cc.  of  urine  are  rendered  faintly  acid 
with  acetic  acid,  mixed  with  an  equal  volume  of  10*^  sodiiim  sulphate 
and  boiled.  When  near  the  boiling  point  a  few  drops  of  ferric  acetate 
are  added.  This  is  filtered,  the  precipitate  washed  until  free  from 
sulphates,  and  the  nitrogen  determined  in  the  filter  and  precipitate. 
The  amount  of  nitrogen  contained  in  the  filter  is  determined  once  for 
all  and  subtracted.  This  procedure  was  used  only  for  the  urines  col- 
lected after  injection. 

5.  Albumoses. — a.  Bromine  method. — 25  cc.  nf  urine  are  rendered 
strongly  acid  by  concentrated  hydrochloric  acid,  2  cc.  of  bromine  are 
added,  the  mixture  is  shaken,  stoppered  tightly,  and  left  to  stand  over 
night.  Some  undissolved  bromine  miist  remain  in  the  flask.  The 
mixture  is  then  filtered,  and  the  precipitate  washed  by  decantation. 
The  filter  is  then  returned  to  the  flask  and  siibjeeted  to  a  Kjeldahl 
determination.  Subtraction  of  the  nitrogen  of  the  filter  gives  the 
nitrogen  of  the  total  proteids.  Subtraction  from  this  of  the  nitrogen 
of  the  coagnlablo  proteids  leaves  that  of  non-coagulable  proteids. 

h.  Zinc-.tnlph/ite  method. — 25  cc.  of  urine  are  saturated  with  35  grm. 
of  orystalline  zinc  sulphate,*  and  filtered;  the  precipitate  is  washed 
with  saturated  solution  of  zinc  sulphate  and  subjoctod  to  Kjeldahl, 
as  in  (a).t 

*It  Is  necessary  to  use  tested  zinc  sulphate.  One  commercial  sample  yielded  3.1 
me;,  nitrogen  per  prm.,  or  In  a  test  carried  out  as  above,  about  1  mg.  for  the  2.5  cc.  of 
urine. 

+  AccordinK  to  Biimer,  it  would  have  been  better  to  acidulate  the  urine,  and  tin- 
saturated  zinc  sulphate  solution  with  2  cc.  per  100  cc.  of  l:.";  sulphuric  acid. 
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By  these  methods  we  could  determine  the  following  data: 

(a)  Total  nitrogen — Method  1. — Exact. 

(b)  Urea  nitrogen — Method  2. — Somewhat  in  excess. 

(c)  Non-urea  nitrogen — (a  minus  b). — Too  low. 

,j.    Urea  nitrogen  b      „  ,    ,  • 

(d) = bom  e what  m  excess. 

Non-urea  nitrogen       c 

(e)  Ammonia — Method  3.— Slight  excess. 

(f)  Coagulable  proteids — Method  4. — If  anything,  slight  excess. 

(g)  Non-coagulahle  proteids — Method  5  minus  (f). 

(h)  Alloxur  and  uric  acid  =  a — (b  -)-  e  +  f  +  ")■ — Open  to  too  many 
sources  of  error  to  be  very  reliable,  but  still  of  limited  value. 

III.       EXCRETION    OF   THE    PEOTEID. 

We  shall  discuss  this  subject  under  the  following  headings: 

A.  Proportion  of  the  coagulable  proteid  excreted. 

B.  What  determines  the  quantity  of  albumen  retained. 

C.  Nature  of  the  excreted  proteid. 

D.  Excretion  of  the  different  constituents  of  egg-albumen. 

E.  Duration  of  the  albuminuria. 

F.  Beginning  of  the  excretion  of  albumen. 

G.  Eelative  quantity  excreted  in  successive  periods. 

H.     Retention  of  other  proteids  after  intravenous  or  subcutaneous 
injection. 

A.     Proportion  of  the  Coagulable  Proteid  Excreted. 

Older  observers,  working  mainly  with  qualitative  methods,  claim 
that  injected  egg-albumen  is  excreted  unchanged,  almost  in  its  entirety. 
Thus  Stokvis  (5)  states  that  egg-albumen  given  hypodermically  "  stellt 
eine  durchaus  unbrauchbare  Substanz  dar."  But  all  later  experi- 
menters who  have  investigated  this  subject  quantitatively,  agree  that 
this  excretion  is  generally  far  from  complete. 

Observations  on  the  quantitative  excretion  of  proteid  indicate  the 
need  of  special  precautions  to  guard  against  nephritic  albuminuria. 
We  have  encountered  this  condition  not  infrequently.  Excluding, 
therefore,  all  eases  in  which  the  amount  excreted  exceeded  that  in- 
jected; those  in  which  the  albuminuria  continued  indefinitely;  those 
in  which  the  urine  contained  considerable  globulin;  those  in  which  it 
showed  blood-pigment;  and  finally  also  those  in  which  the  animal  died 

16 
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before  the  excretion  had  ceased,  we  can  present  the  following  results 
bearing  on  this  question: 

After  hypodermic  injection   of  very  small  quantities    (the  largest  0.125 

grm.  per  kilo,  bods'  weight)  into  either  dogs  or  rabbits,  none  of  the  pro- 

teid  is  excreted: 

Dogs,  hs'podermic  infection.  0.02  to  0.43  grm.  per  kg.,  two  eases,  retained 
68  and  80%. 

Dog.s.  intravenous  injection,  0.19  to  O.T  grm.  per  kg.,  four  cases,  retained 
33  to  f)l%;  mean,  40%. 

Kabbits,  intraperitoneal  injection,  .1  to  4.4  grm.  per  kg.,  four  cases,  re- 
tained 66  to  80%;  mean,  72%. 

The  following  cases  were  found  in  the  literature: 

Forster  (6) :  Dog,  intravenous,  large  quantity,  retained  27.4%. 

Lehmann   (7) :    Dog,  intravenous,  small  quantity,  retained  23%. 

Munk  and  Lewandowsky  (8):     Dog,  slow  intravenous,  very  small  quantit3% 
retained    82%;    rabbit,    slow    intravenous,    retained    54%;    rabbit,    intra- 
peritoneal,  retained   68%. 
-Adding  these  to  ours,  we  see  that,  when   moderate  to  large  qxiantities 

are  injected,  the  retention  is  as  follows: 

Dog,  Do(r,  Rabbit.  Rabbit, 

Intravenous,      hypodermic.      intravenous,  intraperitoneal. 

Number  of  cases 7  2  1  5 

Extremes 23  to  82*         68  to  89*  54*  66  to  80* 

Means 35*  78*  71* 

B.     What  Determines  the  quantity  of  Albumen  retained? 

From  the  results  given  in  the  preceding  section,  it  is  seen  that  the 
retention  varies  from  23  to  100;^  of  the  amount  injected.  It  is  like- 
wise evident  that: 

1.  Very  small  quantities  are  retained  completely,  at  least  when 
given  hypodermically. 

2.  AVitli  very  large-  quantities  (Forster's  case)  a  larger  absolute 
amount  is  retained,  but  the  proportion  of  that  retained  to  that  ex- 
creted is  smaller. 

3.  The  greatest  retention  occui-s  on  hypodermic  injection.  Less 
is  retained  on  intraperitoneal,  and  least  on  intravenous  injection. 

From  3  we  may  conclude  that  the  retention  varies  with  the  slow- 
ness of  absorption,  and  from  1  and  2  that  the  absolute  amount  retained 
varies  as  the  quantity  injected;  whilst  the  proportion  retained  is 
inverse  to  the  quantity  injected.     A  more  minute  analysis  also  shows 
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that,  while  this  is  the  general  tendency,  the  proportion  retained  is 
less  readily  influenced  by  the  injected  quantity,  than  is  the  absolute 
amount  retained,  differences  of  50,"^  in  the  injection  altering  the  pro- 
portion excreted  but  very  little. 

A  relation  can  also  be  made  out  between  the  i-etention  and  the 
rapidity  and  duration  of  the  excretion  of  albumen.  Retention  A-a- 
ries  with  the  length  of  time  required  for  excretion,  but  inversely  to 
the  quantity  excreted  in  the  first  24  hours. 

Evidently  the  less  the  amount  of  albiuuen  introdiiced  and  the 
slower  its  absorption  and  excretion,  the  more  thoroughly  is  it  retained. 
It  may  be  assumed  that  the  capacity  of  the  organism  for  its  utilization 
is  limited,  and  these  conditions  would  be  the  most  favorable  to  it. 

However,  certain  unknown  factors  also  exist,  as  might  be  expected. 
Thus,  in  experiments  XVI  and  XVIII  the  same  amount  was  in- 
jected in  the  same  manner:  One  animal  retained  44^,  the  other 
61^.     But  such  instances  are  surprisingly  few. 

C.  Nature  of  the  Excreted  Proteid. 
The  identity  of  the  excreted  with  the  injected  proteid  has  been 
amply  demonstrated  for  various  substances  (Munk  and  Lewandowsky). 
Stokvis  showed  by  polarimetric  methods  that  this  holds  true  for  egg- 
albumen.  We  thought  it  interesting  to  compare  the  fractional  coagula- 
tion temperatvres  of  the  injected  and  excreted  proteids  and  found  the 
closest  agreement.  We  often  encountered  some  globulin  in  the  urines; 
its  quantity  was  ordinarily  very  small,  and  could  be  referred  to  the 
traces  existing  in  egg-white.  In  certain  eases  a  considerable  quantity 
was  excreted,  but  in  these  there  was  nsnally  some  other  indication  of 
nephritic  changes. 

D.  Excretion  of  the  different  Constituents  of  Egg-Albumen. 
The  hypothesis  has  been  repeatedly  advanced  that  the  precipi- 
tates which  occur  in  solutions  of  egg-albumen  at  57.5;  67;  72;  76; 
and  82°  C.  represent  so  many  distinct  chemical  entities.  Since  we 
have  in  the  kidney  an  instrument  which  is  evidently  capable  of  sepa- 
rating with  great  nicety  very  closely  allied  proteids,  the  thought  sug- 
gested itself  that  the  partial  retention  of  egg-albumen  was  perhaps 
due  to  the  complete  retention  of  certain  of  these  constituents,  with 
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complete  excretion  of  others.  To  solve  this  problem,  we  detennined 
quaiititati"^  ely  the  ratio  of  the  precipitates  at  different  temperatures 
in  the  injected  solution  and  in  the  urine. 

To  secure  strictly  comparable  results,  both  were  largely  diluted  with 
water.  To  make  the  salt  concentration  the  same  in  both  the  injected 
solution  and  the  urine,  the  latter  (previously  boiled  and  filtered)  was 
added  to  the  albumen  solution  in  the  same  quantity  as  was  used  for 
the  estimation  of  the  proteids  in  the  urine  itself.  The  acidity  was  also 
carefully  brought  to  the  same  degree  in  both.  The  injection  was 
always  made  intravenously. 

Table  VI  gives  a  compilation  of  the  ratios : 


TABLE  YI. 

Batio  of  Proteids  Precipitating  at  Different  Temperatures. 

Injection.                              Urine.                             Serum. 
Degrees  Centigrade       68:70:73:77                  68:70:73:77                68:70:73:77 

Experiment  XXII .  .   36.4  :  15 

2                             ,56.6:11.1 

.51.6 

48.4                 67.7                38.3 

E.vperiment  XXVI  .    31. S  :  0 

31.8 

19.4:50.9     37.3:16.2     15.8:40.7 
70.3                 43.5                50.5 

92.5                  7.5 

Experiment  XXIX  .   29.7  :9.S 

15.6:4.5.6                             29.1:60.3 

86.5:8        0    :    5.6 

39.5 

61.2                 10.6                S9.4 

94.3            5.6 

The  figures  give  the  percentage  of  the  total  proleid,  precipitated 
at  the  given  temperature. 

It  is  seen  that  in  experiment  XXIX,  where  there  was  no  admixture 
of  globulins,  and  where  serum-proteids  can  therefore  probably  be 
excluded,  the  lower  proteids  (68°  and  70°)  are  lessened,  t.  e.,  they  are 
retained  to  a  greater  extent,  or  else  their  coagulation  temperature  is 
raised. 

E.xperiments  XXII  and  X.XVI,  on  the  other  hand,  show  a  relative 
increase  in  the  lower  proteids ;  but  since  these  contained  a  large  amount 
of  globulins  there  was  an  undoubted  excretion  of  serum,  and  since  the 
latter  contains  almost  purely  the  lower  members,  the  result  is  not 
surprising. 

If  we  calculate  the  quantity  of  serum  in  these  urines  on  the  basis, 
that  the  serum-albumin  amounts  to  one  half  of  the  globulin, — certainly 
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the  smallest  possible  amount  * — and  subtract  the  serum  proteids  cal- 
culated on  this  basis  from  the  total  proteids  of  the  urine,  these  experi- 
ments will  also  bear  out  the  conckisions  formulated  from  experiment 
XXIX,  the  ratios  now  standing: 

Solution  injected.  Urine. 

70°  :  77°  70°  :  77° 


Experiment  XXII .51.6:48.455  34:61% 

Experiment  XXVI 31.8  :  70.3%  17.9  :  83.1« 

As  a  converse  of  this,  we  investigated  in  experiment  XXX  the  unab- 
sorbed  liquid  remaining  in  the  abdominal  cavity  of  a  guinea-pig  which 
had  died  between  3  and  14  hours  after  an  intraperitoneal  injection. 

68°  70°  73°  77° 

Albumen  injected 37.6  35.8  12.  26.   % 

Peritoneal  liquid .53.  13.  21.  12.    % 

There  is  a  greatly  increased  proportion  of  the  lower  proteid.  We 
did  not  investigate  whether  this  was  due  to  admixture  of  serum,  or  to 
plower  absorption  of  the  lower  portion  of  the  egg-albumen. 

It  having  been  proved  bv  the  above  experiments  that  i\ie  lower 
proteids  are  either  retained  in  larger  proportion  or  changed  into 
those  of  higher  coagulation  temperature,  we  tried  whether  the  higher 
proteids  would  be  converted  into  the  lower.  For  this  purpose  we 
injected  an  egg-solution  which  had  been  kept  at  73°  C.  for  10  min- 
utes. The  urine  gave  no  precipitate  up  to  73°,  but  a  copious  pre- 
cipitation occurred  above  this  temperature.  1.673  grm.  had  been 
injected,  0.617  was  recovered  in  one  hour. 

We  consider  that  this  fact  lends  support  to  the  view  that  the  pre- 
cipitates occurring  in  egg-albumen  at  different  temperatures  really 
belong  to  different  proteids;  the  lower  being  more  completely  re- 
tained by  the  body,  or  converted  into  proteids  of  higher  coagulation 
temperature;  whilst  the  higher  are  less  completely  retained,  and 
cannot  be  converted  into  the  lower. 

Friedenthal  and  Lewandowsky  (10)  have  shown  that  serum  loses 
its  toxicity  by  heating  to  beginning  turbidity  (55  to  60°).  The 
above  experiments,  in  showing  that  excretion  occurs  when  the  solu- 

*  Cloetta  (9)  finds  in  acute  nephritis  in  rabbits  produced  by  aloin  tliat  there  are  2.37 
to  3.71  times  as  much  albumin  as  globulin  in  the  urine. 
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tion  has  been  heated  to  73°,  prove  that  the  uou-retention  of  egg- 
albumeu  cannot  be  due  to  its  content  of  some  such  toxin. 

In  this  connection  we  investigated  whether  the  kidneys  of  chlcl'en 
also  recognized  ovalbumin  as  a  foreign  proteid. 

Since  the  animals  frequently  died  during  or  shortly  after  intravenous 
injection,  the  intraperitoneal  method  was  resorted  to.  The  faces  were 
extracted  with  water,  and  this  extract  tested  for  proteids  in  the  usual 
manner. 

Exp.  XXXI. — Rooster. — Injected  solution  containing  0.763  grm.  egg- 
albumen.     None  recovered  on  two  days  following. 

Exp.  XXXVI. — Hen. — Injected    2.275    grm.    egg-albumen    in    solution.     On 
following  day  the  f^ces  yielded  no  globulin,  but  albiunen  as  follows: 
RS°  70°  73°  77°  total 

none        0.130.5       0.1230       0.1135       0.3670 

The  chicken  therefore  behaves  towards  the  injection  of  egg-aJhumen 
precisely  like  mammals;  the  retention  of  the  lower  proteids  is  still 
more  complete. 

E.     Duration  of  the  Albuminuria. 
In  experiments  in   which  no  nephritis  existed,  the  albumen   disap- 
peared from  the  urine  in: 

Mean. 

Dogs.     Intravenous  injection  (4  eases),  1^  to  2^  days.  2  days. 

Hypodermic         "'  (2  "    ),  2     to  3i     "  3      '• 

Babbits.           "                "  (1  "    ),  3       •• 

"       Intraperitoneal    "  (o  "    ),  2     to  3       "  2|    '' 

In  4  experiments  on  dogs  in  which  nephritis  developed  (as  shown  by 
the  excret'on  of  a  larger  amount  of  proteid  than  that  injected),  the  al- 
buminuria lasted  from  3  days  to  several  weeks,  i.  e.  as  long  as  the  ani- 
mal was  kept  under  observation.  Two  dogs  which  excreted  non-coag- 
ulable  proteid  after  hypodermic  injection  showed  tliis  I'roni  4  to  11 
days. 

It  appears  from  the  above  that  albuminuria  in  typical  experiments 
lasts  from  l|f  to  3  days,  according  to  the  manner  of  introduction. 
The  comparatively  long  duration  after  hypodermic  and  intraperito- 
neal injection  may  be  referred  in  large  part  to  slow  absorption  of  the 
solution. 
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A  large  lump  persisted  for  two  days  at  the  site  of  hypodermic  iujec- 
tions  iu  rabbits;  and,  in  cases  of  intraperitoneal  injection,  proving  fatal 
in  three  hours  or  more,  much  liquid  with  white  flakes  was  found  in  the 
abdominal  cavity,  although  no  other  sign  of  inflammation  was  percep- 
tible. 

R.  Winternitz  (38)  found  that,  after  the  injection  of  sterile  egg-albu- 
men into  the  i)leural  cavity  of  dogs,  the  amount  of  liquid  in  the  pleura 
had  considerably  increased  beyond  the  injected  quantity  in  six  hours; 
in  sixteen  hours,  in  one  dog,  it  had  only  fallen  to  one-half;  in  another 
dog  there  was  a  trifle  more  than  the  injected  amount  after  seventeen 
hours.  The  pleural  liquid  in  all  three  animals  contained  flakes  of  coagu- 
lated proteid. 

The  excessively  long  persistence  of  a  slight  albuminuria  in  a  few  cases 
need  not  necessarily  be  referred  to  the  injection.  Haack  (20)  claims 
that  the  dog's  urine  frequently  contains  some  albumin.  M.  Kaufmann 
(21)  quotes  F.  X.  Schulz,  that  rabbits  show  a  light  degree  of  albuminuria 
from  the  most  insignificant  causes;  and  Kossa  (23)  claims  that  an  idio- 
pathic albuminuria  is  so  frequent  that  of  the  numerous  rabbits  bought 
in  half  a  year  for  the  ph\'siologipal  institute  in  Budapest,  scarcely  two 
or  three  were  free  from  it.  Others,  obtained  from  a  different  source, 
developed  it  after  being  caged  for  a  few  weeks.  The  rabbits  used  by  us 
for  quantitative  experiments  were  always  free  from  any  noticeable  albu- 
minuria. 

Our  results  bear  out  the  statements  of  other  observers  on  the  ex- 
cretion of  egg-albumen.  JJunk  and  Lewandowsky  (8),  after  injections 
into  the  ear-vein  of  rabbits,  found  the  albumen  mostly  excreted  on  the 
2nd  day,  ■with  perhaps  a  trace  on  the  3rd.  0.  Weiss  (11)  also  found 
quick  excretion  after  intravenous  injection  of  serum  into  the  rabbit; 
but  on  subcutaneous  injections  he  sometimes  saw  it  last  for  weeks. 

Forster  (C),  using  much  larger  quantities,  found  all  excreted  on  the 
3rd  day.  Lehmann  (7)  found  the  excretion  almost  complete  in  one 
day,  except  in  one  case  in  which  there  was  nephritis. 

F.     Beginning  of  the  Excretion  of  Albumen. 
The  excretion  always  began  quite  rapidly.     In  Experiment  I,  in 
Avhich  particular   attention   was  directed  to  this  point,   traces   were 
made  out  in  seven  minutes  after  injection;  the  quantity  increased 
gradually,  until  in  22  minute?  the  urine  became  solid  on  heating. 


G.     Relative  Quantity  Excreted  in  Successive  Periods. 
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It  is  seen  in  Table  VI  that  when  the  injection  is  intravenous 
(4  experiments),  about  f  of  the  excretion  takes  place  inside  of  the  first 
11  hours;  the  remainder  in  the  next  15  hours,  and  only  traces  later. 
"Where  hypodermic  and  intraperitoneal  injections  are  made,  the  ex- 
cretion is  more  nearly  equal  on  3  successive  days,  or  may  even  be 
higher  on  the  second  day  than  the  first.  This  may  be  explained  by 
slow  absorption. 

As  to  the  quantiiy  excreted  in  the  first  few  hours,  this  must  be 
largely  influenced  by  diuresis — an  extremely  variable  factor. 

In  one  experiment  (XXXII)  of  intravenous  injection  in  a  rabbit,  in 
which  the  animal  received  1.663  grni.,  37^  of  the  total  amount  was 
excreted  in  one  hour.  This  certainly  shows  that  the  process  of  excre- 
tion is  a  very  rapid  one. 

H.     Retention  of  other  Proteids  after  Intravenous  or  Subcutaneous 
Injection. 

The  recent  work  of  Munk  and  Lewandowsky  (8)  has  demonstrated 
the  practically  complete  retention  of  casein  and  nucleo-proteid,  and 
the  retention  of  85^  of  gelatine.  Schaefer  and  collaborators  (22) 
have  shown  that  considerable  proportions  of  proteoses  and  similar 
substances  are  retained.  The  complete  assimilation  of  serum-pro- 
teids — whether  from  the  same  or  from  foreign  species — is  almost 
universally  accepted.  The  common  statement  is  that  alkali-albumin 
is  also  completely  retained.    "We  made  some  experiments  on  this  point. 

Exp.  VI. — Animal  died  under  anuria. 

Exp.  VII. — Intravenous,  0.028  grm.  per  kg.  Animal  excreted  both  native 
and  alkali-albumin.     Probably  some  nephritis. 

Exp.  VIII. — Hypodermic,  0.344  grm.  per  kg.     Urine  proteid-free. 
Exp.  XI. — Intravenous,  0.615  grm.  per  kg.     Urine  proteid-free. 

Our  results  therefore  agree  with  those  of  other  observers.  "We 
further  determined  that  actual  conversion  was  necessary,  for  a  simple 
solution  of  egg  in  0.5^  sodium  carbonate  caused  the  appearance  of  a 
large  amount  of  native  albumen  in  the  urine  (experiment  IV). 

The  statement  of  the  text-books  is  that  myosin  is  not  excreted. 
This  appears  to  rest  entirely  on  an  experiment  of  Lehmann  (7)  made 
with   frog's  myosin.     In   six  experiments   we   injected   extracts   of 
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liiiman,  rabbit's,  dog^s  and  chicken's  muscle  into  rabbits,  intravenously 
or  into  the  peritoneum.  In  no  case  was  there  any  excretion.  The 
myosin  of  foreign  species  is,  therefore,  also  completehj  retained. 

IV.       EFFECTS    UPON    JIETABOLISM. 

From  the  experiments  detailed  in  the  preceding  section,  it  results 
beyond  doubt  that  a  considerable  proportion  of  the  injected  egg- 
albumen  is  not  excreted  in  the  urine.  Does  this  leave  the  body  by 
any  other  channel?  If  not,  is  it  metabolized  in  the  same  manner  as 
protcid  entering  the  organism  by  the  normal  channel? 

Semmola  (12)  states  that  the  injection  of  egg-albumen  causes  the 
a])pearance  of  proteid  in  the  bile.  The  original  paper  was  not  acces- 
sible, but  the  reference  gave  no  data  as  to  the  quantity  excreted  by 
this  channel. 

In  the  last  metabolism  experiment  (XXXVII  B)  it  was  noted 
that  the  freshly  passed  fseces  on  the  day  following  the  injection  were 
rather  slimy.  5  grm.  were  extracted  with  water,  and  yielded  coagula- 
ble  proteid  corresponding  to  0.028  grm.  nitrogen  for  the  16  grm.  of 
faeces  passed  in  24  hours.  A  glance  at  the  nitrogen  of  the  fseces  will 
also  show  that  there  is  a  tendency  to  an  increase  in  the  percentage  of 
nitrogen  on  the  first  or  second  day  following  the  injection. 

The  quantity  due  to  the  injected  protcitl  cannot,  however,  be  calcu- 
lated, since  the  normal  variations  in  the  amount  of  fieces  are  so  great. 
Thus,  Eabbit  A,  in  2  periods  of  3  days  following  injection  excreted 
2.142  grm.  N  in  faeces:  on  other  6  days  l.TTl;  an  increase  of  O.SliG  in 
the  periods  after  injection.  Eabbit  B,  after  injection  1.4G7;  other  days 
1.734,  a  decrease  of  0.267  for  the  periods  after  injection. 

Wo  judge  from  this  that  the  amoimt  leaving  the  organism  un- 
changed by  way  of  the  faeces  must  be  quite  small.  A  large  amount 
remains  to  be  accounted  for.  Stokvis  (5)  states  that  some  is  con- 
tained in  the  saliva,  but  this  amount  must  be  very  small. 

Most  observations  on  the  effect  of  proteid  injection  upon  inotabolisni 
have  been  made  upon  serum.  Several  of  the  older  authors  mention 
that  this  is  excreted  completely  as  urea,  but  we  could  not  learn  how 
niiiiutcly  the  observations  were  matle.     Forstcr  (6)  made  observations 
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on  serum  and  egg-albumuu  injections;  Ptliiger  (13)  shows  that  in  these 
experiments  more  urea  was  excreted  than  corresponded  to  the  amount 
injected.  Of  more  recent  workers,  Arloing  (l-i)  finds  an  increased  ex- 
cretion of  ?v  and  PoOj ,  but  gives  no  data  concerning  the  relation  of  the 
increase  to  the  amount  injected.  Albertoni  (15)  finds  that  the  injection 
of  defihrinated  blood  into  the  peritoneal  cavity  of  starving  or  insiiffi- 
c-iently  nourished  dogs  caused  no  increased  X  excretion,  if  the  animals 
had  previously  been  well  nourished,  but  increased  the  nitrogen  of  the 
nrine  if  the  animals  had  not  been  in  good  condition. 

For  egg-albumen  we  can  only  find  the  quoted  experiments  of  Forster 
and  statements  of  Laborde  (16)  that  hypodermic  injection  into  starv- 
ing rabbits  causes  an  increase  of  N  excretion  above  the  amount  in- 
jected; but  he  does  not  give  numerical  data  in  support  of  his  state- 
ments. 

We  decided  to  investigate  this  problem,  and  to  give  attention 
also  to  the  form  in  which  the  nitrogen  is  excreted.  The  analyses 
for  this  purpose  were  made  according  to  the  methods  laid  down  in 
Section  II,  p.  223.  Wc  shall  fii-st  give  a  brief  account  of  the  experi- 
ments and  the  conclusions  to  which  they  lead,  and  shall  follow  this 
with  the  tables  giving  tlu  quantitative  results  from  which  the  eon- 
clu.sions  were  drawn. 

We  began  our  experiments  with  a  dog  (experiment  XL).  Having  in- 
vestigated the  changes  in  metabolism  resulting  from  starvation,  and 
having  demonstrated  that  the  hypodermic  injection  of  colloid  (gum 
arable)  was  without  effect  upon  metabolism,  we  introduced  subcutane- 
ously  0.125  grm.  per  kilo,  of  egg-albumen.  Xeither  coagulable  nor  non- 
coagnlable  proteid  appeared  in  the  urine,  nor  could  any  alteration  in 
other  ingredients  be  determined  with  certainty.  Precisely  the  same 
negative  result  was  obtained  by  the  injection  of  respectively  0.0C9  and 
0.125  grm.  per  kilo,  into  the  ear-vein  of  rabbits  (experiment  XXTY  .\ 
and  B).     We  omit  these  experiments  from  the  tables. 

It  appeared,  therefore,  that  a  much  larger  quantity  needed  to  be 
injected  to  yield  conclusive  results. 

AVe  made  two  obseirations  on  starving-  ral)l)its  (experiment 
XXVITI"),  and  two  (experiment  XXXVII),  of  two  injections  each,  on 
rabbits  having  a  free  supplv  of  oats,  the  amount  of  the  latter  being 
weighed  each  day,  and  the  quantity  of  X  in  the  food  being  calculated 
from  this. 
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It  was  found  impossible  to  maintain  a  nitrogen  equilibrium.  In 
the  case  of  the  starving  animals  there  was  a  rapid  starvation-increase 
which  had  to  be  allowed  for.  In  the  fed  animals,  the  injection  pro- 
duced a  marked  loss  of  appetite,  so  that  the  nitrogen  balance  had  to  be 
calculated  from  the  income  and  output. 

The  resiilts  show  that  a  considerable  part  of  the  injected  proteid 
leaves  the  body  unchanged.  Another,  smaller,  portion  is  excreted 
as  non-coagulable  proteid.  The  percentage  of  both  was  much  smaller 
in  the  starving  animals,  but  tlis  was  probably  because  less  was 
injected.     A  certain  amount  was  excreted  by  way  of  the  faeces. 

Taking  the  rabbits  of  experiment  XXXYII,  as  showing  the  minimum 
retention  we  have : 

Of  the  1.249  grm.  of  X  (as  egg-albumen)  injected  into  the  perito- 
neum in  two  doses,  5  days  apart. 

Rabbit  A.         B. 
excreted  unchanged  in  urine,  22.3^         32.7^ 

"        as  non-coagulable  proteid  in  urine,     18.7^        25.5^ 
"        as  coagulable  proteid  in  fseces,  about,    5.  ^  5.  ;^ 

Total  excreted  as  proteid,  46.  ^        63.  ^ 

The  remaining  54  and  37^  (0.675  and  0.463  grm.  of  nitrogen)  must 
have  been  either  retained  or  metabolized. 

It  is  seen  from  the  figures  that  the  excretion  of  the  total  nitrogen 
is  invariably  increased,  and  generally  beyond  the  amount  injected, 
so  that  not  only  is  none  of  the  proteid  retained,  but  its  injection  causes 
the  animal  to  lose  also  body -nitrogen.  On  this  account  it  is  not  pos- 
sible to  state  in  what  time  this  excretion  of  the  metabolized  egg- 
albumen  occurs. 

As  to  the  form  in  which  this  is  finally  excreted,  it  is  seen  that  the 
ratio  of  total  nitrogen  (excluding  that  of  the  proteids)  to  urea  and 
ammonia  is  not  changed,  so  that  we  must  assume  that  the  metabolism 
ends  in  the  normal  products,  i.  e.  mainly  urea. 
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Tte  presence  of  non-coagidahle  proteid  as  the  result  of  hvpodermic 
and  intraperitoneal  injections  is  an  interesting  fact.  It  was  estab- 
lished by  the  feri'ocyanide  reaction  after  boiling,  as  also  by  the 
bromine  and  zinc-sulphate  methods,  so  that  it  seems  beyond  doubt 
that  these  injections  may  cause  the  excretion  of  a  substance  having 
these  properties.  The  amount  was  not  sufficiently  large  to  permit 
further  characterization. 

No  such  substance  appeared  in  the  case  of  any  of  the  intravenous 
injections  in  which  it  was  sought;  nor  did  it  occur  in  all  cases  of  hypo- 
dermic injection.  Its  excretion  sometimes  persisted  for  a  very  long 
time — especiall}-  after  repeated  injections.  In  experiments  XXXVII 
A  and  B,  in  which  it  was  estimated  quantitatively,  the  amount  was  pro- 
portional to  the  amoimt  of  eoagulable  proteid  excreted  (A :  coagulable 
:=  22.3^  of  the  injected,  non-coagulable  =  18.7,^.  B :  coagulable  = 
32.7^,  non-coagulable  So.-d"^).  There  was  no  suppuration  in  these  cases, 
so  that  this  theory  of  its  origin  may  be  discarded.  The  fact  that  it 
did  not  occur  on  intravenous  injection  also  disposes  of  the  theory  that 
it  might  result  from  the  fever. 

We  believe  that  these  albumoses  represent  a  transition  stage  in  the 
metabolism  of  the  injected  proteids.  This  would  be  in  liae  with  the 
observation  of  Krehl  and  Matthes  (17)  that  deutero-albumoses  are 
formed  throughout  the  fever  period,  when  there  is  also  an  increased 
proteid  metabolism.  The  fact  that  it  is  not  seen  after  intravenous 
injection  can  perhaps  be  explained  by  so  much  proteid  being  excreted 
unchanged  that  the  organism  may  metabolize  the  small  residue  com- 
pletely. This  agrees  with  the  fact  that  none  is  excreted  after  very 
small  hypodermic  injections.  The  fact  of  its  long  persistence  in  some 
cases  favors  the  view  that  albumen  injection  may  cause  a  long  persist- 
ing alteration  in  proteid  metabolism.  1 

Experiment  XXVUI  gives  good  illustrations  of  the  effect  of  star- 
vation  on  rabbits.  This  subject  has  been  investigated  by  Rubner 
(18),  and  more  recently  and  thoroughly  by  Ileymans  (19),  who 
draws  his  observations  from  32  full  grown  rabbits,  after  withdrawal 
of  both  food  and  water.  Our  observations,  which  we  present  in  the 
form  of  Curve  I,  show  agreement  with  the  latter  observer  as  regards 
loss  of  weight  (35  and  43.5;if),  the  curvo  of  loss  of  weight  declining 
suddenly  on  the  last  day;   and  in  the  premortal  rise  of  nitrogen 
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excretion.     We  wish  to  call  particular  attention  to  the  slight  change 
in  the  nitrogen  during  the  first  four  days. 
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This  agreement  is  remarkable  in  view  of  the  fact  that  our  animals 
were  supplied  freely  with  water.  On  the  other  hand,  death  occurred 
between  the  7th  and  8th  day,  whereas  in  Heymans'  experiment  it  hap- 
pened on  the  6th  to  the  36th,  averaging  15  to  16  days.  That  the  early 
fatality  might  be  connected  with  the  proteid  injection  seems  very  im- 
probable, since  the  loss  of  weight  is  so  nearly  the  same  as  in  Heymans' 
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obserratious.  Some  of  Rubner"s  animals  (18)  also  succumbed  as  early 
as  the  4th  day.  Other  instances  are  quoted  by  Kaufmann  (21).  We 
are  inclined  to  refer  it  rather  to  the  fact  that  our  animals  were  young, 
and  that  their  metabolism  therefore  was  more  active.  The  early  occur- 
rence of  the  starvation-rise  in  the  nitrogen  excretion,  points  in  the 
same  direction. 

A  striking  feature  in  our  cases  is  the  fact  that  the  proportion  of 
urea  to  total  nitrogen  is  notably  increased  in  the  last  days  of 
starvation. 

Hejinans  also  noted  that  it  was  higher  during  starvation  than  before, 
but  since  he  made  the  urea  determinations  by  a  rather  rough  hypobromite 
test,  he  did  not  feel  himself  justified  in  laying  stress  upon  the  small  dif- 
ference. We  believe  that  our  methods  are  sufficiently  trustworthy,  and 
although  the  number  of  experiments  is  very  small,  yet  they  seem  to 
justify  the  conclusion  that  the  nitrogen  metabolism  in  starvation  tends 
to  more  complete  oxidation  than  normally.  This  tends  to  support  Voit's 
explanation  of  the  cause  of  the  premortal  rise  in  nitrogen  excretion,  i.  e.. 
that  it  is  due  to  the  body  becoming  relatively  poor  in  fat;  as  against  F. 
N.  Schulz  (24).  who  accounts  for  it  by  more  proteid  being  thrown  into  the 
circulation  by  the  extensive  dying  of  cells;  or  another  theory,  which 
supposed  that  the  cells  become  incapable  of  utilizing  fat.  With  either  of 
the  last  two  theories,  one  would  rather  expect  the  oxidation  of  the  pro- 
teids to  be  less  complete. 

V.       PHYSIOLOGICAL    AND    OTHER    PHENOMENA. 

These  will  be  considered  in  the  following  order: 
A.     Effects  in  Non-Fatal  Cases. 

1.  Respiration  and  Circulation. 

2.  Temperature. 

3.  Diuresis. 

4.  Glycosuria  and  Hemoglobinuria. 

5.  Histological  Findings  after  Injection  of  Egg-Albumen. 

B.     Fatalities  Occurring  in  the  Experiments  and  Their  Causes. 

Anaesthetics. 

Bacterial  Infection. 

Toxic  Effects  of  E,£rg-All)umon. 

Toxic  Effects  of  Alknli-Alliuniin. 

Myosin. 
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A.        EFFECTS    IN    NON-FATAL    CASES. 

1.  Bespiration  and  Circulation. — During  the  earlier  experiments 
on  intravenous  injections  it  was  always  noticed,  incidentally,  tliat  the 
respiration  increased.  In  two  experiments  (XXII  and  XXVI) 
special  attention  was  given  to  this  phenomena;  tracings  were  also 
taken  from  the  carotid  artery  and  the  venous  pressure  was  measured 
by  a  water  manometer  connected  with  the  central  end  of  the  femoral 
vein.  In  one  animal  the  injection  of  egg-solution  was  preceded  by 
an  equal  amount  of  normal  saline,  to  allow  of  a  comparison  of  the  two. 
It  was  found  that  the  effects  were  essentially  the  same  in  both  cases. 
The  respiration  was  deepened,  the  heart  slowed  and  strengthened, 
both  the  arterial  and  venous  pressures  showing  a  small  rise  persisting 
through  some  15  minutes.  It  may,  therefore,  be  stated  that  intra- 
venous injection  of  egg-albumen  has  no  effects  upon  respiration  and 
circulation  beyond  those  of  the  hquid  with  which  it  is  introduced. 

This  result  differs  considerably  from  that  obtained  with  sera  of  for- 
eign, species  (Arloing  (14),  Weiss  (11),  Friedenthal  and  Lewandowsky 
(10),  &c.).  Thus  Arloing'  (14)  describes  after  injection  of  horse  serum  into 
dogs  a  stimulation  of  the  respiratory  centre  and  a  depression  of  the 
cardiac  muscle  and  vascular  tone.  T.  G.  Brodie  (25)  finds  that  the  intra- 
venous injection  of  serum  of  any  source  into  cats  causes  arrest  of  respir- 
ation, inhibition  of  the  heart,  and  vasodilation.  All  these  phenomena  last 
for  some  time  and  are  produced  reflexly  by  stimulation  of  the  pulmonary 
branch  of  the  vagus.  The  active  substance  is  an  albumin,  coagulating  at 
86°  C,  proauced  during  the  clotting  of  the  blood.  Repetition  of  the  in- 
jections leads  to  immunity.  These  results  are  obtained  only  on  the  cat. 
Nothing  of  the  kind  was  ever  seen  by  us  with  egg-albumen  or  its  modifi- 
cations or  with  muscle  on  dogs  or  rabbits. 

It  must  be  remembered  that  the  proteid  content  of  our  solution  was 
only  1^  to  -J  as  strong  as  that  of  serum.  Stronger  solutions  are  im- 
practicable, since  a  proteid  content  of  10  to  15^  causes  speedy  death 
from  embolism,  preceded  by  dyspnoea,  then  respiratory  paralysis  and 
lastly  cardiac  stand-still.  Two  deaths  from  this  were  recorded  (experi- 
ments XVII  and  XLI).  Another  death  (expeiiment  XIV)  from  what 
was  probably  embolism  from  injected  air  occurred  in  four  hours  after 
injection,  with  symptoms  of  progressive  medullary  paralysis. 

2.  Temperature. — The  statement  is  found  in  text-books  (Lazarus- 
Barlow,   General   Pathology)   that  injections  of  proteids — particularly 


242  Injection  of  Egg-Albumen   and  Other  Proteids 

albumoses,  but  also  others — cause  a  rise  of  temperature.  Quincke  (26) 
notes  this  for  the  intravenous  injection  of  defibrinated  blood.  Injec- 
tion oj  other  substances  may  also  cause  hyperpyrexia.  Thus  E. 
Haaek  (27)  noted  it  after  the  subcutaneous  injection  of  silver  nitrate 
and  tincture  of  iodine;  these  substances,  however,  cause  simultaneously 
an  albumosuria.  Combemale  and  Mouton  (28)  found  that  the  hypo- 
dermic injection  of  20  cc.  of  normal  salt  solution  produced  a  rise  of 
temperature  fairly  regularly  in  tuberculous  patients,  but  not  in  healthy 
individuals,  nor  in  those  suffering  from  other  diseases.  For  animals, 
however,  Thompson  (29)  has  sho^m  that  the  intravenous  injection  of 
small  quantities  of  normal  saline  caused  a  rise  of  temperature  to  2°  C. 
Bosc  and  Yedel  (30)  have  seen  the  same  effects  from  larger  injections. 

In  a  number  of  our  experiments  on  rabbits  we  directed  particular 
attention  to  the  effects  of  various  injections  upon  the  temperature. 
A  self-registering  thermometer  was  inserted  for  a  depth  of  7  cm.  into 
the  rectum,  and  left  in  position  until  no  further  rise  occurred.  The 
results  are  represented  in  Curves  II  on  Plates  XVI-XTX.  The  arrow 
indicates  tlie  time  of  injection.  Urethane  was  given  in  all  the  cases 
of  intravenous  injection 

It  will  be  seen  tliat  all  the  proteids  which  were  tried  (albumen, 
derived  albumen  and  myosin)  produce  a  very  distinct  rise  of  tem- 
perature. This  occurs  whether  they  are  injected  subcutaneously, 
or  into  the  peritoneum,  the  ear-vein,  or  the  jugular  vein.  In  the  last, 
the  rise  is  often  masked  by  the  fall  of  temperature  due  to  the  anes- 
thetic. 

When  the  amount  of  the  latter  was  very  large,  and  especially  when 
it  was  fatal,  it  prevented  the  rise  entirely.  Urethane  alone,  0.5  grm. 
per  kilo,  by  rectum,  lowered  the  temperature  2.3°  C.  The  existence 
of  the  bacterial  infection,  presently  to  be  described,  had  no  influence 
on  the  fever,  cither  as  to  its  height  or  duration.  All  the  proteids  had 
about  the  same  effect. 

The  ri.=e  begins  in  about  an  hour  after  the  injection  of  the  solution, 
and  readies  its  niaximuni  in  from  C>  to  24  hours  (usually  6  to  8  hours). 
It  then  falls  very  rapidly,  but  in  rare  cases  may  persist  for  2  or  ;5 
days  (Experiment  62,  I'late  XIX).     A   recurrence  of  the  fever  is 
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PLATE  XVII. 


CURVES   II— Continued. 
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sometimes  seen  on  subsequent  days,  particularly  in  the  afternoon. 
The  rise  is  usually  a  trifle  over  1°,  but  may  be  as  much  as  2°  C.  It 
seems  to  be  almost  independent  of  the  quantity  injected;  at  least,  it 
may  be  produced  by  extremely  small  quantities  (as  in  experiment  6G 
by  15  mg.  of  the  proteid  of  rabbit's  muscle,  per  kilo,  of  injected 
rabbit). 

yofinal  suit  solution  alone,  when  injected  into  the  ear,  may  cause  some 
rise  of  temperature,  but  smaller  than  that  following  the  use  of  the  pro- 
teids  (the  mean  being  0.35°  C).  Subcutaneous  injection  may  also  cause  a 
rise,  but  this  is  still  smaller.  In  some  cases  the  injection  of  normal  salt 
solution,  by  way  of  the  ear,  skin  or  peritoneum,  causes  a  slight  fall  of 
temperature   (from  reflex  dilatation  of  the  vessels?). 

3.  Diuresis — The  injection  of  egg-albumen  tends  to  cause  a  diure- 
sis. In  certain  animals  an  anuria  persists  for  many  hours,  but  this 
may  be  seen  without  albumen  injection,  and  even  after  the  injection 
of  a  third  of  the  body-weight  of  normal  saline.  The  curve  of  the 
diuresis,  as  recorded  in  two  cases,  differs  very  greatly  from  that  prtt- 
duced  by  the  injection  of  normal  salt  solution  (Sollmann  ?>1\ 

With  the  latter  the  flow  of  urine  reaches  its  maximum  in  ^  hour  and 
has  returned  to  a  relatively  small  figure  in  1|  hours.  With  albumen 
injection,  on  the  other  hand,  there  is  a  small  primary  rise,  reaching 
its  maximum  in  15  to  20  minutes,  and  then  a  fall  to  50  minutes.  This 
curve  is  probably  attributable  to  the  salt  solution  which  carries  the 
proteid,  since  it  is  practically  identical  with  that  produced  by  salt 
solution  alone. 

About  50  minutes  after  the  injection,  however,  a  second  diuresis 
sets  in,  reaching  its  maximum  in  about  2  houi-s,  when  it  is  3  to  5 
times  greater  than  the  primary  rise.  This  must  be  due  to  a  specific 
irritation  of  the  kidneys  by  the  albumen.  "We  did  not  investigate 
whether  this  action  is  exerted  upon  the  vessels  or  cells.  The  accom- 
panying Curve  III,  from  experiment  I,  gives  a  typical  illustration  of 
this  phenomenon  (Plate  XX). 

4.  Glycosuria. — This  never  occurred  on  hypodermic  or  intraperi- 
toneal injection.  It  was  noted  in  the  case  of  dogs,  after  intra- 
venous injection,  in  5  out  of  IS  animals.      The  quantity  was  deter- 
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mined  in  but  two  experiments  (I  and  III).  In  the  latter  it  reached 
0.32  gi-m.  per  kilo.  The  excretion  was  completed  inside  of  the 
first  24  hours,  except  in  one  experiment  (XXI)  in  which  it  appeared 
on  the  second  day  after  injection,  the  urine  being  free  from  it  on 
the  first.  In  this  animal,  morphine  alone  caused  an  abundant  gly- 
cosuria. 

Evidently  the  excretion  of  sugar  must  be  referred  to  the  anesthetic 
and  to  the  morphine.  Injection  of  the  proteids  does  not  cause  gly- 
cosuria. 

Hcenioglohinurid. — This  was  observed  in  only  one  case  (experiment 
XII)  and  could  not  be  attribiited  to  the  injection  of  albumen.  The 
urine  remained  normal  for  7  days  after  a  second  hypodermic  injection, 
when  it  suddenly  showed  oxyhsemoglobin  and  methsemoglobiii,  a 
strong  content  of  albumin,  but  no  casts.  On  the  following  day  these 
had  disappeared,  but  the  urine  now  contained  bile  pigment.  The 
animal  was  sacrificed  on  this  day.  The  autopsy  was  negative,  and 
microscopic  examination  of  the  kidneys  did  not  reveal  anything 
abnormal. 

In  one  experiment  on  a  rabbit  (No.  48)  the  bladder  at  autopsy  was 
found  distended  with  a  reddish  urine,  giving  the  oxyhsemoglobin  spec- 
trum. Microscopic  examination  showed  the  abundant  sediment  to  con- 
sist of  numerous  red  blood-cells  and  a  large  quantity  of  granular  casts. 
These  appearances  were  not  present  in  any  other  experiment  of  the 
entire  series.  The  animal,  which  had  received  some  albumen-solution 
intravenously,  had  died  3|  hours  after  the  injection,  evidently  from  the 
effects  of  an  overdose  of  the  anaesthetic  (urethane,  1.18  grm.  per  kilo.; 
temperature  fell  to  35°  C).  The  peritoneum  contained  a  large  quan- 
tity of  free  blood,  which  clotted  on  removal.  A  rupture  of  the  liver 
was  noted,  but  it  could  not  be  decided  whether  this  was  inflicted  at  the 
autopsy  (the  liver  tissue  being  extremely  friable);  or  whether  it  had 
occurred  earlier,  perhaps  during  the  injection.  The  microscopic  exami- 
nation showed  considerable  degeneration  of  the  renal  and  hepatic  epi- 
thelium. The  last  was  certainly  due  to  the  urethane.  The  urine, 
which  was  of  neutral  reaction,  sliowed  a  large  quantity  nf  loagiihiblo 
proteid,  but  no  sugar.  This  fact  shows  that  the  albumen  was  not  due 
to  tlic  hfpmorrhage,  but  that  the  excretion  of  the  injected  all)nmen  wa.s 
well  advanced  at  the  time  of  death.     The  marked  nephritis,  shown  by 
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the  casts  and  by  the  histological  appearances,  can  not  have  been  due  to 
the  injection.  Nor  do  we  think  that  it  could  have  been  caused  by  the 
urethane,  and  we  must  leave  it  unexplained. 

5.  Histological  Findings  After  Injection  of  Egg-Albumen. 

Previous  experimenters  have  found  that  the  injection  of  proteids  causes 
slight,  but  distinct,  nephritic  changes.  Semmola  (13),  Laborde  (16)  and 
Seigert  report  parenchymatous  nephritis  after  injection  of  egg-albumen. 
Laborde  also  mentions  necrotic  foci  in  the  liver;  Semmola  reports  retinal 
changes.  0.  Weiss  (11),  injecting  foreign  serum  into  dogs,  finds  only 
hypersemia  of  the  renal  cortex.  A.  Pettit  (32)  remarks  that  the  injection 
of  eel  serum  causes  in  rabbits  a  rapidly  progressing  degeneration  of  renal 
epithelium,  noticeable  even  when  the  animal  survives  only  a  few  minutes. 

We  were  able  through  the  kind  assistance  of  Professor  Wm.  T.  Howard,  Jr., 
to  subject  the  greater  part  of  our  material  to  histological  examination. 
The  methods  employed  have  been  described  in  Section  II  (p.  218).  The 
animals  were  killed  at  various  times,  but  usually  .several  days  after  the 
injection. 

The  l-idneys  of  nearly  all  the  animals  examined  showed  a  greater 
or  less  degree  of  congestion  of  both  cortex  and  medulla.  Those  of 
the  dogs,  after  injections  of  plain  albumen,  presented  no  noticeable 
degeneration.  In  the  rabbits  on  the  other  hand,  the  epithelium  of 
the  convoluted  tubules  was  almost  always  cloudy  and  swollen,  some- 
times even  hyaline  or  vacuolated.  Granules  of  iron-free  pigment 
were  seen  in  the  epithelial  cells  in  many  cases.  Hyaline  casts,  re- 
sulting from  coagulation  of  the  albuminous  urine,  were  often  seen  in 
the  tubules.  These  changes,  except  the  last,  are  such  as  we  often  saw 
in  animals  which  had  received  no  injections.  It  is  quite  possible, 
though  by  no  menas  certain,  that  they  are  more  intense  after  the 
injection  of  the  proteids. 

In  experiment  48  alone,  described  on  page  244,  was  the  degenera- 
tion at  all  extensive.  This  was  also  the  only  case  in  which  casts  were  at 
all  numerous  in  the  urine.  The  cause  of  the  peculiarities  of  this 
experiment  must  stand  unexplained. 

We  may  say,  then,  that  the  injection  of  egg-proteids  does  not  lead 
to  any  conspicuous  nephritic  lesions.  This  holds  true  for  dogs,  rab- 
bits and  guinea-pigs.  A  slight  degree  of  cellular  degeneration  cannot 
be  excluded.  The  constant  appearance  of  congestion  points  to  some 
inflammatory   action.     Certain   experiments   give   further  evidence 
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of  nephritic  changes  through  a  long  continued  albuminuria,  through 
an  acute  globulinuria,  etc.;  but  these  changes  are  evidently  not  of 
such  a  degree  as  to  give  rise  to  marked  degenerative  lesions. 

The  intravenous  injection  of  an  extract  of  rabbit's  muscle  into  two 
rabbits  (experiments  68  and  69),  showed  veiw  marked  and  extensive 
degeneration  of  the  renal  epithelium.  Tlic  amount  of  urethaue  was 
very  small  in  these  cases  (0.33  to  0.3o  gnu.  per  kilo.),  so  that  the 
changes  could  not  be  attributed  to  it.  Moreover,  the  other  organs 
were  normal.  The  degeneration  was  much  more  marked  in  the  ani- 
mal killed  three  days  after  injection,  than  in  the  one  killed  after  10 
days.  The  kidneys  showed  no  alterations  in  a  case  (experiment 
XLI^^)  of  intravenous  injection  of  dog's  muscle  and  in  exjieriment 
XXXIII  of  intravenous  injection  of  human  muscle  into  rabbits;  nor 
in  2  rabbits  (experiment  XXXVIII),  into  whose  peritoneum  cliick- 
en's  muscle  was  injected;  nor  in  two  otliei*s  (experiment  XXXIX), 
which  received  dog's  muscle  in  the  same  manner.  The  degeneration 
of  the  renal  epithelium,  as  noted  in  experiments  6S  and  69,  was  there- 
fore peculiar  to  this  particular  extract,  and  is  not  a  common  sequence 
of  injections  of  muscle  extracts. 

The  absence  of  conspicuous  pathological  lesions  holds  true  still 
more  for  other  organs.  The  spleen,  intestines,  pancreas  and  adrenals 
showed  at  most  some  congestion.  The  liver  eiiithclium  was  very 
often  greatly  degenerated  in  rabbits  which  liail  received  large  doses 
of  urethaue;  but  this  was  plainly  referable  to  the  latter.  Parasitic 
changes  were  often  seen,  and  coccidium  oviforme  was  very  often 
found  in  the  bile-ducts.  In  experiment  65  numbei-s  iti  aiiKelia-like 
parasites  were  seen  in  one  kidney. 

The  absence  of  conspicuous  degenerations  is  of  interest  not  merely 
from  its  connection  with  the  effects  ol'  proteid  injection,  but  also  be- 
cause it  bears  on  the  much  discussed  question,  whether  uncomplicated 
hyperpyrexia  causes  cellular  degeneration.  We  have  not  seen  any 
such  after  elevations  of  temperature  of  nnv  or  two  degrees  lasting  for 
two  days.  This  tends  to  support  Naunyn's  view,  corroborated  lately 
by  E.  v.  {'zylilarz  (33),  who  saw  no  degenerations  after  cerebral  jjunc- 
turc  in  ten  ral)bits. 


i 


Torald  Sollnianii  and   E.   D.   Brown  247 

Some  attention  was  given  to  tlie  distribution  of  pigment.  Both 
hajmofuscin  (iron  free)  and  ha?mosiderin  (iron-containing)  were  found, 
in  variable  amount,  in  all  eases.  The  latter  was  exclusively  in  the 
spleen.  The  former  in  the  liver  epithelium,  in  the  spleen,  both  free  and 
in  cells,  and  often  in  the  renal  epithelium. 

B.        FATALITIES    OCCURRING    IN    THE    COURSE    OF    THE    EXPERIMENTS    AND 
THEIR   CAUSES. 

Many  of  our  animals  succumbed  in  the  course  of  the  experiments. 
The  greater  number  of  these  deaths  could  be  referrd  to  well  defined 
causes.  Amongst  these  are  embolism  through  two  great  concentration 
of  the  solution  or  from  air;  overdoses  of  the  ansesthetic;  bacterial  infec- 
tion; excessive  handling  or  long  exposure  to  unhygienic  conditions,  etc. 
A  certain  number  pointed  to  a  specific  toxicity  of  the  proteid.  It  seems 
to  us  of  interest  to  give  an  illustrative  description  of  the  course  and  of 
the  gross  and  microscopic  changes  in  the  principal  fatal  cases. 

The  phenomena  of  embolism  are  dealt  with  6n  page  241. 

Deaths  from  the  Ance.stlictic. — Only  one  late  death  was  observed 
in  a  dog  (experiment  XTX)  which  had  received  morphine  and  ether. 

Expei'iment  XIX. — This  animal  was  very  listless  on  the  day  following-  the 
operation;  later  it  lay  almost  motionless  in  a  comatose  condition,  and  was 
found  dead  on  the  following  morning-.     Autopsy  negative. 

The  majority  of  deaths  occurred  in  rabbits,  after  chloretone  or  urethane. 
The  fatal  dose  for  chloretone  by  stomach  catheter,  lies  slightly  above 
16  cc.  of  a  saturated  solution  per  kilo.  The  symptoms  were  very  similar 
to  those  produced  by  urethane.  The  degeneration  of  the  liver  cells  was 
absent,  nor  were  there  any  other  histological  lesions.  There  was,  how- 
ever, in  all  cases  a  marked  capillary  congestion  of  the  abdominal  organs. 

The  fatal  dose  of  uretluine  given  in  5%  solution  per  rectum,  lies  be- 
tween 0.T5  to  1.0  grm.  per  kilo.  But  doses  of  0.6  grm.  cause  very  severe 
degeneration  of  the  hepatic  cells.  Franz  Miiller  (37),  found  that  1  grm. 
of  urethane  per  kg.  killed  one  rabbit  out  of  three  (in  2  days).  When  given 
by  mouth  the  fatal  dose  of  these  antethetics  lies  somewhat  higher  than  by 
the  rectum. 

The   following   experiment    forms   a   typical   illustration: 

Experiment  XXXIII.— 3u\y  18,  laOO.  Kabbit  (f,  1790  grm.,  was  anaesthe- 
tized with  1.5  grm.  urethane,  and  ether;  the  jugular  vein  was  .exposed 
under  aseptic  precautions,  and  125  cc.  of  a  solution  of  human  muscle  in 
normal  salt  solution   (^0.486  grm.  proteid)   were  injected. 

The  animal  was  partly  conscious  at  the  end  of  the  operation  (2.30  P.  M.) 
and  appeared  in  good  condition.  The  wound  was  sutured  and  the  rabbit 
placed  in  its  cage.  At  5.30  it  was  found  lying  on  its  side,  very  much 
worse.     There  had  been,   and  was   at  this  time,   a  profuse   diarrhcea  and 
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involuntary  passages  of  a  small  quautitj-  of  uriue.  The  heart  was  vei'y 
fast;  respiration  140;  temperature  36.1°  (normal  rabbit  ^40°  C);  pupils 
of  medium  size,  ear-vessels  normal;  reflexes  slow.  At  7  p.  m.  the  res- 
piration was  140;  temperature  35.1°,  heart  fast,  reflexes  lost  except  cor- 
neal; pupil  rather  small.  Heated  bricks  were  placed  about  the  animal 
at  7.15.  At  7.25  the  respiration  became  slowed  to  12  and  was  coughing 
and  spasmodic;  temperature  34.4°.  The  animal  died  at  7.28,  the  respir- 
ation  ceasing  before   the   heart. 

The  axitopsij,  made  immediately  after  death,  showed  a  congestion  of 
all  abdominal  organs.  The  small  intestine  was  contracted  and  contained 
mucous  fluid.  The  bladder  was  empty.  The  lungs  were  piuk;  the  heart 
was  not  distended.  The  liver  and  kidneys  presented  a  peculiar  waxy 
appearance. 

Histological  Exuiiiiiiatiuii:  (This  refers  to  all  the  experiments  iu  which 
urethane  was  used  in  a  dose  of  0.6  grm.  per  kg.  or  larger.  With  a  dose  of 
0.35  grm.  per  kg.  there  were  no  noticeable  lesions). 

The  principal  changes  are  found  in  the  liver.  There  is  an  intense  diffuse 
degeneration  of  the  hepatic  epithelium,  more  marked  in  foci.  The  cells 
stain  unevenly,  are  very  granular,  and  present  numerous  vacuoles.  Fatty 
degeneration  is  also  sometimes  seen.  The  nuclei  are  fairly  normal.  The 
perilobular  tissue  is  normal.  After  large  doses  a  congestion  of  the  central 
vein  and  capillaries  is  also  seen.  The  process  of  degeneration  must  be 
a  very  rapid  one,  for  it  is  fully  developed  in  animals  which  died  1%  hours 
after  the  injection  (experiment  XLVII).  In  the  kidneys,  some  degree 
of  congestion  is  common.  The  epithelium  is  always  somewhat  granular, 
but  not  more  so  than  may  be  encountered  in  normal  animals.  The  spleen 
Is  always  congested.  The  other  organs — intestine,  medulla  oblongata, 
pancreas,  cardiac  muscle,  adrenals,  are  normal.  The  distribution  of 
pigments  shows  nothing  unusual. 

Deaths  from  Bacterial  Infection. — During  May,  1901,  an  epizootic 
made  its  appearance  amongst  the  guinea-pigs  and  rabbits  at  the 
laboratory,  and  carried  off  a  great  number  of  the  former.  The  mor- 
tality was  not  so  great  with  the  rabbits,  perhaps  because  they  were 
not  kept  sufficiently  long.  With  these  animals,  the  disease  was  not 
suspected  until  the  sections  were  examined.  The  disease  occurred 
in  animals  which  had  nut  l)cen  handled,  and  was  therefore  nut  diic 
to  the  injection. 

The  microorganisms  as  seen  in  the  tissues  were  for  the  most  part  rather 
short  pleomorphic  bacilli,  but  larger  numbers  of  cocci  were  often  seen, 
especially  in  the  lungs.  Agar  cultures  were  made  from  the  guinea-pigs, 
but  could  not  be  examined  for  several  weeks.  They  then  showed  a  number 
of  orgajiisms,  of  which  only  15.  coli  communis  could  be  identified.  \Vi-  are 
indebted  to  Mr.  II.  .1.  (Jertenberger  for  tlie.se  cMiltures. 

The  rabbits,  even   when   intensely  infected.  sho\v<Ml   Imt   slight    syniptoms 


Torald  Sollmajni  and  E.   1).   Brown  249 

duriut'  life.  The  guinea-pigs  became  listless  on  the  last  day,  did  not  eat, 
lay  on  their  side,  and  had  a  gasping  respiration.  The  autopsy  itself  did 
not  show  any  conspicuous  changes.  The  numerous  cases  which  were 
examined  permit  us  to  pursue  the  histological  lesions  through  the  success- 
sive  stages  of  the  infection.  The  bacteria  were  seen  in  all  the  tissues. 
The  kidney  showed  some  change  in  the  epithelium  of  the  convoluted 
tubules;  the  cells  becoming  somewhat  swollen  and  cloudy  or  hyaline. 
There  were  no  casts.  The  connective  tissue  was  often  fairly  abundant. 
With  more  intense  infection,  the  cell  degeneration  became  very  conspic- 
uous. The  connective  tissue  showed  considerable  round-celled  infiltra- 
tion. Gas-spaces  were  discernible.  The  liver  cells  showed  at  first  a  mod- 
erate, diffuse,  granulation.  In  the  perilobular  tissue  there  was  frequently 
Hiore  or  less  pronounced  infiltration  with  young  connective-tissue  cells. 
The  degeneration  of  the  epithelium  became  very  profound  with  the  pro- 
gress of  the  infection,  being  also  somewhat  focal.  There  were  severe 
congestions  and  hsemorrhagic  areas,  the  latter  containing  hEemosiderin. 
The  spleen  Tvas  congested,  but  otherwise  normal  even  in  the  severe 
grades.  The  cardiac  muscle  was  very  profoundly  affected,  containing 
a  mass  of  bacteria,  and  its  structure  having  largely  disappeared.  The 
lungs  were  congested;  the  alveoli,  bronchi,  and  blood  contained  many 
bacteria.     The  intestine,   adrenals   and   pancreas   were  normal. 

There  was  some  hyperleucocytosis,  and  an  increase  of  eosinophiles, 
especially  in  the  spleen.  Hsemosiderin  and  hiemofuscin  were  unusually 
abundant  in  the  more  marked  grades  of  infection,  especially  the  haemo- 
siderin   in  the  spleen. 

Toxic  Effects  of  Egg-ATbumen. — The  following  very  striking  in- 
stance of  death  following  the  intravenous  injection  of  egg-albumen, 
which  occurred  rather  early  in  the  cottrse  of  the  research,  directed 
our  attention  to  the  possibility  of  a  toxic  action  of  proteids  which  are 
usually  considered  harmless,  and  led  us  to  an  extensive  experimental 
investigation  of  this  subject. 

Experiment  XYIII. — This  dog  was  but  lightly  anaesthetized  during  the 
operation.  On  the  day  following  it  was  lively,  ran  about,  and  seemed  per- 
fectly well.  It  remained  so  during  three  dajs,  and  even  at  8  A.  M.  on  the 
4th  day  nothing  abnormal  was  noticed.  The  animal  was  not  observed  again 
until  1  P.  M.  of  the  4th  day,  when  she  was  found  in  extreme  clonic  spasms 
and  almost  insensible.  Restorative  measures  were  resorted  to,  but  failed, 
death  occurring  at  1.30  P.  M.  The  autopsy  and  histological  study  were 
both  negative.     The  wound  had  suppurated  a  little. 

This  case  is  particularly  interesting,  being  the  only  one  in  which 
an  animal  died  rather  suddenly  after  several  intervening  days  of 
perfect  good  health.  It  seemed  to  us  worth  while  to  attempt  to  repro- 
duce the  condition,  to  enable  us  to  study  it  more  carefully. 
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As  we  had  seen  this  course  but  once  in  more  than  20  animals  which 
we  had  injected,  we  searched  for  methods  of  increasing  any  existing 
toxicity  of  the  egg-albnmen.  For  this  purpose  we  iii*st  tried  the  effect 
of  repeating  the  injections  on  animals  which  are  iisuallj  very  sensitive 
to  toxic  agents. 

We  chose  6  guinea-pigs  for  the  purpose,  injecting  them  always  in 
pairs,  to  exclude  other  accidental  causes  so  far  as  possible.  The  in- 
jections were  sometimes  made  under  the  skin,  sometimes  into  the  peri- 
toneum. We  were  always  successful  in  obtaining  a  fatal  result,  both 
animals  of  a  pair  always  dying  at  the  same  time.  Death  usually  occur- 
red during  the  night  succeeding  the  last  injection,  so  that  the  final 
spnptoms  could  not  be  observed.  The  guinea-pigs  were  always  some- 
what depressed  after  each  injection,  but  nothing  else  could  be  noted. 
The  autopsy  showed  nothing  abnormal.  There  was  no  sign  of  perito- 
nitis. However,  the  number  of  injections  required,  as  well  as  the 
amount  of  proteid,  were  so  large,  that  it  seemed  unjustifiable  to  refer 
the  death  to  them.  We  were  forced  to  conclude  that  the  injection  of 
fresh  egg-albumen  was  in  no  way  toxic. 

Marian!  (189T)  has  shown  that  starving  rabbits  treated  with  hypo- 
dermic injections  of  egg-albumen  die  before  the  control  animals,  but 
this  might  be  referred  to  the  increased  nitrogen  metabolism  produced 
by  such  injections. 

We  may  state  at  this  ])lace  that  the  injections  ordinarily  produced 
few  or  no  symptoms  in  either  dogs  or  rabbits,  except  that  the  animals 
tended  to  become  emaciated  while  preserving  a  raveiunis  appetite. 

The  phenomena  of  experiment  XVIII  must  therefore  have  been 
due  to  the  presence  of  some  extraneous  toxin  in  the  egg-albumen.  It 
remained  to  determine  whether  this  was  due  to  infection  of  the  egg- 
solution,  or  whether  such  a  toxin  could  be  developed  in  the  unspoiled 
egg  itself.  The  egg's  used  for  this  exi)erimciit  were  purchased  in 
July,  in  the  open  market,  and  were  of  unknown  age.  Whilst  the 
eggs  were  not  visibly  spoiled,  the  conditions  were  distinctly  favorable 
to  fermentation.  The  cholin,  etc.,  of  the  yolk  wmild  form  a  favor- 
able starting  point  for  such  jitouuiins.  'Vn  decide  this  question,  we 
took  some  freshly  laid  eggs  and  )ilac(Ml  tlicni  under  conditions 
wliicli  would  be  most  cundneive  to  sueli  elianue,  /.  c.  in  a  tiierniostat 
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at  40°  C.  Here  tliej-  were  kept  for  3,  5,  0  and  9  days.  In  the 
last  case,  the  yolk  could  not  be  separated,  and  had  to  be  included  in 
the  solution.  Animals  injected  with  solutions  made  from  these 
brooded  eggs  behave  precisely  as  if  injected  with  normal  egg-albumen. 
Only  one  case  ended  fatally,  and  this  five  days  after  the  injection. 
The  histological  examination  showed  thrombosis  of  veins  in  the  liver, 
perhaps  quite  sufficient  to  cause  death;  but  we  doubt  whether  this 
result  could  have  been  due  to  the  injection. 

^Ye  conclude  thai  pure  egg-albumen  is  not  at  nil  toxic,  nor  does  it 
develop  a  toxicity  by  prolonged  sojourn  at  brooding  temperature. 

This  leaves  bacterial  infection  as  the  explanation  of  experiment 
XVIII.  Bacteriological  examination  was  unfortunately  neglected,  but 
the  tissues  were  certainly  not  conspicuously  invaded  by  any  micro- 
organism. The  sjTnptoms  resembled  superficially  those  of  traumatic 
tetanus;  since  the  wound  was  open,  infection  by  this  channel  could  have 
occurred  quite  easily.  However,  the  sudden  outbreak,  the  general  dis- 
trilnition  of  the  convulsions  and  rapid  fatality  speak  very  strongly 
against  the  existence  of  bacterial  tetanus.  The  absence  of  any  such 
effects  in  other  animals  operated  upon,  and  kept  under  precisely  the 
same  conditions,  makes  it  unlikely  that  the  infection  occurred  by  way 
of  the  wound.  The  toxic  agent  must  have  been  introduced  with  the 
injected  solution. 

(Fiquet  (34),  1899,  claims  that  even  albumoses  and  peptones  are  not 
toxic  on  intravenous  injection,  when  prepared  sufficiently  pure,  and 
that  they  then  have  no  influence  on  the  clotting  of  blood.  He  refers 
the  ordinary  action  to  admixture  of  toxalbumins  and  ptomains). 

Toxic  Effects  of  Alkali-Albinnin. — Only  one  fatal  case  occurred 
in  six  intravenous  injections  of  alkaline  egg-syntonin  in  dogs,  and 
two  in  rabbits.  In  this  fatal  case  the  alkalinity  of  the  solution  was 
imusually  high,  and  the  amount  large  (35  cc.  per  kilo,  of  a  solution 
containing  0.376j^  of  free  XaOH).  The  same  symptoms  and  lesions 
could  be  elicited  in  another  animal  by  the  injection  of  pure  ^  XaOH 
solution,  so  that  they  are  not  dependent  upon  the  proteid.  We 
reserve  their  detailed  description  for  another  paper. 

Briefly,  the  animals  died  in  about  Gi  hours,  in  coma  and  with  con- 
vulsions.    The  autopsy  revealed  intense  congestion  of  the  abdominal 
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organs,  particularly  of  the  large  intestine,  with  bloody  effusions  into 
the  lumen  of  the  alimentary  canal  and  into  the  peritoneum. 

Histologically,  the  main  lesions  were  a  necrosis  of  the  intestinal  villi 
and  an  acute  interstitial  nephritis,  in  every  way  similar  to  that  de- 
scribed for  the  human  subject  by  Councilman  (35)  and  Howard  (36). 
Haemorrhagic  areas  were  found  in  various  situations.  There  was  a  pro- 
found htemochromatosis,  consisting  mainly  in  the  deposition  of  iron- 
free  pigment  granules  in  the  intestinal  miieosa,  the  liver,  the  blood, 
the  lymph  channels,  and  in  the  renal  epithelium. 

Other  animals,  which  had  received  less  alkali,  showed  much  less 
marked  changes  in  the  same  direction,  or  were  free  from  lesions. 
Alkali-albumin,  therefore,  does  not  differ  in  its  histological  results 
from  native  albumen. 

Muscle  Extracts. — These  did  not  possess  any  specific  toxicity;  the 
histological  alterations  corresponded  to  those  seen  after  injection  of 
egg-albumen. 

VI.       CONCLUSIONS. 

The  conclusions  which  we  derive  from  our  obser^^ations  are  as 
follows: 

1.  The  excretion  of  injected  egg-albumen  as  such  is  in  no  case 
complete.     The  quantity  retained  varies  from  23  to  100,'?^. 

2.  The  amount  retained  varies: 

a)  directly  with  the  slowness  of  absorption.  This  is  deter- 
mined by  the  manner  of  administration. 

b)  directly  with  the  time  during  which  tlie  proteid  remains 
in  the  body;  and  therefore  inversely  to  the  rapidity  of 
excretion. 

c)  inversely  to  the  quantity  injected;  this  has  however  much 
less  effect  than  (a)  or  (b). 

<])  with  individual  ]u'euliaritics;  but  tlicse  arc  not  very  con- 
spicuous. 

3.  Tlie  excreted  ])rotcid  coagulates  at  the  same  temperatures  as 
the  injected  albumen. 

4.  Injection  of  egg-albumen  does  not  cause  tlie  apjicaniuce  of 
globulins  in  the  urine. 
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5.  The  proportion  of  proteid  coagidating  at  lower  temperatures  is 
less  in  the  urine  than  in  the  injected  solution.  When  a  solution  has 
been  heated  to  73°  before  injection,  the  urine  also  does  not  coagulate 
below  this  temperature. 

6.  Egg-albumen  injected  into  the  hen  is  excreted  as  with  mammals. 
Y.   The  albuminuria  lasts  in  typical  cases  from  1|^  to  3  days,  accord- 
ing to  the  manner  of  administration. 

The  excretion  begins  very  shortly  (7  minutes)  after  injection.  37 
per  cent  of  the  total  proteid  injected  may  be  excreted  in  an  hour. 
About  three-fourths  of  the  total  excretion  takes  place  within  the  first 
17  hours;  the  excretion  is  almost  completed  in  the  next  15  hours, 
only  traces  being  excreted  thereafter.  With  hypodermic  injection 
the  amount  is  more  nearly  equal  on  2  or  3  successive  days,  since  the 
absorption  may  extend  over  2  days. 

8.  Alkali-albumin,  as  well  as  muscle-proteids  (from  foreign  species) 
are  completely  retained.  An  unconverted  mixture  of  egg-albumen 
and  sodium  carbonate  behaves  like  egg-albumen. 

9.  A  small  amount  of  proteid  (less  than  5^)  is  excreted  unchanged 
by  the  faeces. 

10.  A  variable  proportion  is  excreted  as  non-coagulable  proteid. 
The  quantity  of  this  is  proportional  to  that  of  the  coagiilable  proteid 
of  the  urine. 

11.  The  rest  undergoes  complete  metabolism  to  urea. 

12.  The  total  nitrogen  excretion  is  increased  beyond  the  amount 
of  nitrogen  introduced  as  albumen. 

13.  Starvation  appears  to  cause  an  increase  in  the  ratio  of  the 
urea  to  the  total  nitrogen  of  the  urine. 

14.  The  effects  of  intravenous  injection  of  egg-albumen  on  circu- 
lation and  respiration  do  not  differ  from  those  of  an  equivalent 
injection  of  the  solvent.  Albumen  causes,  however,  a  specific  di- 
uresis, beginning  50  minutes  after  the  intravenous  injection,  and 
reachifig  its  maximum  in  about  2  hours.  It  causes  neither  glycosuria 
nor  hsemoglobinuria. 

15.  The  injection  of  egg-albumen,  alkaline  egg-syntonin,  or  mus- 
cle extracts,  causes  in  rabbits  a  rise  of  temperature  of  1  to  2°   C. 
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This  begins  in  about  an  hour,  usually  reaches  its  maximum  in  from 
6  to  S  houi-s,  and  then  falls  rapidly.  It  may  in  rare  eases  persist  for 
several  days.  It  is  indifferent  qualitatively  whether  the  injection 
is  made  by  the  jugular  or  the  ear-vein,  hypodermically,  or  into  the 
peritoneum.  Even  extremely  small  quantities  injected  into  the  ear- 
vein  cause  this  rise.  The  fever  does  not  cause  histological  alterations 
in  any  organ  examined.  The  injection  of  normal  salt  solution  may 
cause  a  rise,  but  this  is  much  smaller. 

16.  The  injection  of  egg-albumen  causes  but  very  slight  histo- 
logical changes.  The  kidneys  are  usually  congested,  especially  in 
tlie  cortex.  The  cells  may  be  slightly  cloudy.  A  slight  degree  of 
nephritis  may  occur,  but  this  is  not  of  such  degree  as  to  effect  per- 
manent lesions.  The  injection  of  muscle  extracts  may  give  rise  to  a 
more  pronounced  parenchymatous  nephritis. 

17.  Urethane  i^  fatal  to  rabbits  in  doses  of  0.75  to  1.0  grm.  per 
kilo.  The  symptoms  consist  mainly  in  a  very  marked  fall  of  tem- 
perature, and  in  medullary  paralysis.  0.5  grm.  per  kilo,  lowers  the 
temperature  2.3°  C.  Doses  as  small  as  0.6  grm.  per  kilo  cause  very 
marked  histological  changes,  consisting  mainly  in  extensive  granular 
and  vacuolar  degenerations  of  the  hepatic  epithelium,  which  are  so 
acute  as  to  be  fully  developed  when  death  occtirs  in  1^  hours  after 
injection.  Doses  of  0.35  grm.  per  kilo,  do  not  produce  this  change. 
Chloretone  did  not  cause  the  degeneration,  but  is  followed  by  con- 
gestion of  the  abdominal  viscera. 

18.  Native  egg-albumen,  injected  into  the  femoral  vein  of  a  dog, 
was  followed  in  one  case  by  a  fatal  ending  with  conviilsions  and 
coma,  after  several  intervening  cases  of  good  health.  Further  ex- 
periments demonstrated  that  there  is  no  toxicity  inlierent  in  fresh  egg- 
albumen,  nor  can  it  be  developed  by  brooding  the  eggs  in  the  shell. 
The  cause  of  the  above  fatal  issue  must  therefore  be  sought  in  some 
extraneous  toxic  agent  which  contaminated  the  solution.  Muscle- 
extracts  were  also  devoid  of  toxicity.  Alkali-albumin  ]iroduces  no 
changes  beyond  those  which  may  be  attrilmted  to  the  free  alkali  con- 
tained therein. 
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A  CONTEIBUTIOX  TO  OUE  KNOWLEDGE  OF  THE 
ACTION  OF  SAPONIN  ON  THE  BLOOD  CORPUSCLES 
AND  PUS  COEPUSCLES. 

By  G.   N.   STEWART, 
[From  the  Physiological  Laboratoyi/,    Western  Reserve  University.) 

I  have  shown  in  previous  commimications '  that  saponin  produces 
a  marked  increase  in  the  electrical  conductivity  of  blood.  The  in- 
crease is  quite  as  great  in  blood  which  has  been  fixed  by  formalde- 
hyde as  in  fresh  blood.  It  is,  therefore,  not  dependent  on  the  escape 
of  the  haemogiobin  from  the  corpuscles  which  saponin  causes  in 
unhardened  blood,  but  not,  of  course,  in  blood  treated  with  formalde- 
hyde. I  have  demonstrated  that  no  such  effect  is  produced  by 
saponin  on  blood-serum  in  the  absence  of  the  corpuscles.  Its  action 
on  the  conductivity  of  the  lilood  may  be  explained  in  two  ways: 
(1)  It  may  increase  the  total  conductance  of  the  serum,  (a)  by  causing 
the  passage  of  electrolytes  into  it  from  the  corpuscles  without  increas- 
ing its  relative  volume,  or  (b)  by  bringing  about  an  increase  in  its 
volume,  due  to  the  passage  of  water  out  of  the  corpuscles  and  a  con- 
sequent increase  in  the  amount  of  dissociation  of  the  electrolytes  of 
the  serum,  or  (c)  by  causing  both  water  and  electrolytes  to  pass  out  of 
the  corpuscles. 

(2)  The  saponin  may  increase  the  conductivity  of  the  corpuscles 
without  affecting  that  of  the  serum. 

In  the  case  of  formaldehyde-hardened  blood,  where  the  action  of 
saponin  on  the  permeability  of  the  corpuscles  for  electrolytes  is  most 
easily  studied,  since  it  is  not  complicated  by  the  passage  of  the  blood- 
pigment  into  the  serum,  it  is  not  difficult  to  prove,  by  measuring  the 
conductivity  of  the  semm  and  sediment,  respectively,  after  centrif- 
ugalization,  that  it  is  the  conductivity  of  the  corpuscles  which  is 
increased.     If  there  is  any  increase  in  the  conductivity  of  the  serum, 

'Joiirn.  of  Physiology,  1899,  xsir,  p.  211,  and  1901,  xxvi,  ]>.  470. 
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(a  slight  increase  is  perhaps  indicated  in  some  of  the  observations), 
it  is  small  in  comparison  ^vith  the  effect  on  the  coi'puseles.  This  is 
well  seen  in  Experiment  I,'  in  which  the  influence  of  saponin  on  the 
conductivity  of  iinhardened  blood  is  compared  with  that  on  blood 
fixed  by  formaldehyde.  /.,  as  in  the  other  experiments,  is  an  abbre- 
viation for  /.  (5°)  X  10^  The  conductivities  are  expressed  in  recipro- 
cal ohms  reduced  to  5°  C.  The  measurements  were  made  by  Kohl- 
rausch's  telephone  method,  the  tube  containing  the  blood  being  im- 
mersed in  ninniug  water,  the  temperature  of  which  did  not  vai\v  more 
than  2°  or  3°  from  5°  C  The  saponin  solution  used  was  made  by 
dissolving  3  grammes  crude  quillaia  saponin  in  salt  solution  and 
adding  salt  solution  up  to  100  cc.  The  salt  solution  had  in  some 
experiments  a  strength  of  about  0.7  per  cent,  in  others  of  about  1 
per  cent.  Its  conductivity  was  always  carefully  measured,  as  was 
also  that  of  the  saponin  solution,  wliich  did  not  differ  much  from  the 
conductivity  of  the  salt  solution.  As  a  control,  observations  were 
also  made  on  blood  to  which,  instead  of  sa])<)niii  solution,  a  similar 
amount  of  the  salt  solutiDn  was  added. 

If  will  be  seen  That  in  E.ip.  I.  in  tlie  observation  of  April  IS,  the 
serum  from  the  mixture  of  A  (the  formaldehyde  blood)  and  saponin 
has  /  S.'i.OO,  while  the  serum  from  the  corresponding  mixture  of  A 
with  the  sodium  chloride  solution  has  /  78. 4S.  A  portion  even  of 
the  small  difference  shown  iiere  is  accounted  for  by  the  greater 
conductivity  of  tlie  sii]><iiiiii  than  of  the  sodium  chloride  solution. 
On  the  other  hand,  for  the  sediment  of  corpuscles  from  tiie  mixture 
of  A  and  saponin,  after  prolonged  centrifugalization,  /  is  40.51 
against  18.68  for  the  sediment  of  the  control  experiment  witli  A 
and  sodium  chloride,  and  14.76  for  the  sediment  of  A.  The  great 
difference  between  the  sediments  is  certainly  not  to  be  explained  by 
the  presence  of  a  greater  quantity  of  serum  between  the  corpuscles 
in  the  sediment  of  the  saponin  mixture  than  in  the  others,  for  the 
sediment  was  exceedingly  compact  and  well-separated  from  the 
serum.  There  can  be  no  doubt,  therefore,  that  saponin  does  render 
the  cor])Uscles  better  conductors.      From   this  it   necessarily   follows 

'The  protocols  of  experiments  are  at  tlie  end  of  this  article  (p.  272). 
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that  the  "  envelope  "  of  the  corpuscle  is  rendered  permeable  to  ions 
to  which  it  refuses  passage  before  the  action  of  the  saponin,  or  more 
rapidly  permeable  to  those  which  penetrate  it  only  slowly  and  with 
difficulty.  But  the  experiment  does  not  enable  us  to  say  whellicr, 
in  addition,  the  saponin  produces  an  increased  dissociation  inside  the 
corpuscle. 

I  desire  to  point  this  out  clearly  because  in  a  recent  paper  on  the 
increase  of  conductivity  which  is  known  to  occur  in  dying  muscle,' 
it  is  tacitly  assumed  that  an  .increase  of  conductivity  necessarily 
implies  the  formation  of  an  increased  number  of  ions  in  the  muscle 
and  is  proportional  to  the  increase  in  the  number.  Xow  while  it  is, 
of  course,  a  perfectly  familiar  fact  that  when  muscle  dies  a  decompo- 
sition takes  places  which  leads  to  the  fonnation  of  sul)stances  capsjble 
of  acting  as  conductors,  we  must  not  assume  that  this  is  the  only  way 
in  which  the  conductivity  is  increased,  until  it  is  shown  that  no  change 
in  the  resistance  of  the  membranes  through  which  the  ions  m\ist  pass 
is  produced  at  death.  The  fact  that  the  resistance  of  muscle  is  much 
greater  in  the  transverse  than  in  the  longitudinal  dii'ection  suggests 
very  strongly  that  the  resistance  of  the  sarcolemma,  and  possibly  also 
of  whatever  "  envelopes  "  enclose  the  sarcostyles,  is  greater  than  that 
of  the  conducting  liquids  between  the  fibres  or  between  the  fibrils. 
And  if  those  "  membranes  "  are  relatively  impei-meable  to  the  electro- 
lytes during  the  life  of  the  tissue,  as  they  should  be  if  the  proper 
osmotic  relations  are  to  be  preserved,  it  is  quite  probable  that  their 
permeability,  and  therefore  their  resistance,  becomes  altered  when 
the  tissue  dies.  In  this  connection  the  fact  mentioned  in  my  previous 
paper,  that  perfectly  fresh  colored  corpuscles  are  far  less  permeable 
to  XH4CI  than  corpuscles  which  have  stood  for  a  few  houi-s  seems 
very  suggestive. 

I  may  mention  here  another  observation  which  supports  the  con- 
clusion that  the  envelopes  of  the  corpuscles  are  altered  by  saponin. 
It  was  invariably  found  that  when  saponin  was  added  at  such  an  inter- 
val after  the  addition  of  formaldehyde  that  it  no  longer  caused 
laking,  the  sediment  of  corpuscles  settled  far  more  slowly  and  less 

3T.  Kodis,  American  Joitrn.  of  P/iyxiology,  1901,  t,  p.  367. 
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perfectlv,  was  always  more  bulky  in  proportion  to  the  liquid  above  it, 
and  formed  a  less  compact  and  tenacious  mass  on  the  bottom  of  tne 
test-tnbe  than  the  sediment  from  formaldehyde  blood  which  had  not 
been  treated  with  saponin  or  to  which  XaCl  solution  had  been  added 
in  the  same  proportion  as  the  ssiponin  solution.  This  refers  to  the 
sediment  obtained  when  the  blood  was  simply  allowed  to  stand  in  a 
cold  room  and  not  to  that  separated  by  prolonged  centrifugalization. 
It  was  always  miich  easier  to  shake  up  into  cojuplete  s\ispension  in 
the  serum  the  sediment  of  the  formaldehyde  blood  which  had  been 
acted  on  by  saponin;  and  the  greater  the  amount  of  saponin  solution 
added,  the  looser  and  more  easily  shaken  up  was  the  sediment.  The 
same  effect  was  observed,  though  it  was  not  so  pronounced,  in  blood 
to  ^^ich  iNTIiCl  solution  was  added  in  such  amoxint  as  to  caiise  partial 
hiking,  and  which  was  then  treated  with  formaldehyde.  The  sedi- 
ment was  distinctly  looser  than  when  NaCl  was  substituted  for 
XH4CI  in  this  combination.  The  suggestion  is  that  XH4CI  alters 
the  envelopes  of  the  corpuscles  in  such  a  way  that  they  are  less  liable 
to  adhere  firmly  to  each  other  when  acted  on  by  formaldehyde,  and 
that  saponin  imdoes  or  lessens  the  formaldehyde  actinn  which  causes 
them  to  adhere.  The  fact  that  NHiCl  penetrates  the  corpuscles  much 
more  readily  than  NaCl  also  shows  that  its  relation  to  the  envelope 
is  different.  In  this  experiment  it  is  incidentally  shown  that  the 
preference  of  the  coqjujcles  for  NHiCl  as  compared  with  iN'aOl  is 
still  evident  15  days  after  the  addition  of  formaldehyde  to  the  blood. 
Some  leucocytes  are  of  course  always  present  in  the  sediments 
whose  conductivity  is  compai-ed  in  tlie  experiment,  which,  however, 
yields  no  information  as  to  the  action  of  saponin  upon  these.  But 
some  observations  on  pus,  to  be  presently  described,  show  that  saponin 
affects  the  conductivity  of  pus  corpuscles  in  \ery  much  the  same  way 
as  that  of  the  red  corpuscles.  Since,  as  I  have  previously  shown, 
the  action  of  saponin  on  the  red  corpuscles  is  essentially  the  same 
wliether  they  are  perfectly  fresh  or  have  stood  for  days,  it  seems 
highly  probable  that  the  conductivity  of  the  leucocytes  of  blood  is 
also  increased  by  saponin,  and  in  the  same  way,  that  is,  by  an  increase 
of  their  permeability  to  the  ions  of  tlie  sennii.      'I'lic  "  envelnpe  "  of 
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the  leucocyte  (or  at  least  of  the  pus  corpuscle),  however,  differs  from 
that  of  the  colored  corpuscle,  as  we  shall  see,  in  exhibiting  no  prefer- 
ence for  ISTHiCl  as  compared  with  ISTaCl. 

In  Experiment  II  the  effect  of  varying  the  quantity  of  saponin 
added  to  formaldehyde  blood  on  its  conductivity  was  investigated. 
Under  /  the  conductivities  of  the  mixtures  of  formaldehyde  blood 
and  saponin  are  given,  and  in  the  column  headed  "  /.  of  control "  the 
conductivities  of  mixtures  of  the  formaldehyde  blood  with  similar 
quantities  of  the  NaCl  solution  used  in  making  the  saponin  solution. 
In  the  third  column  the  differences  between  /  and  /■  of  control  are 
given,  that  is  to  say,  the  approximate  amounts  by  which  the  conduc- 
tivity of  the  blood  has  been  increased  by  the  action  of  the  saponin, 
after  deducting  the  increase  due  to  the  NaCl  in  the  saponin  solution. 
I  shall  speak  of  the  numbers  in  this  column  as  the  true  saponin  effect. 

The  experiment  shows  that  the  addition  of  Ice.  of  the  saponin  solu- 
tion (the  largest  quantity  used)  to  5  cc.  of  the  formaldehyde  blood 
(A)  causes  practically  the  same  true  saponin  effect  as  the  addition  of 
O.-t  cc.  of  the  saponin  solution  to  5  cc.  of  A.  In  both  cases,  too, 
the  full  increase  of  conductivity  is  already  developed  at  the  time  of 
the  first  measurement  (a  few  minutes  after  mixtiu-e),  and  there  is 
no  further  increase  when  the  mixture  is  allowed  to  stand  for  many 
hours.  Wben  0.2  cc.  of  the  saponin  solution  is  added  to  5  cc.  of  A 
the  true  saponin  effect  ultimately  becomes  just  as  great  as  when  0.4  cc. 
or  1  cc.  is  added,  but  it  has  not  reached  its  maximum  12  minutes  after 
mixture.  Eight  hours  after  mixture  the  effect  is  complete,  and  there 
is  no  further  increase  after  many  hours.  With  0.1  cc.  of  saponin 
solution  to  5  cc.  of  A  the  true  saponin  effect  is  only  14.79,  20  minutes 
after  mixture,  as  compared  with  22.14,  19  minutes  after  the  addition 
of  0.4  cc.  of  saponin  solution  to  5  cc.  of  A.  But  in  the  observation 
with  0.1  cc.  of  saponin  sohition  the  effect  has  not  reached  its  maximum 
even  2  hours  and  20  minutes  after  mixture,  when  it  is  16.23.  In  19 
hours  more  it  has  further  increased  to  18.05.  With  0.05  cc.  of  the 
saponin  solution  to  5  cc.  of  A  the  increase  in  the  true  saponin  effect, 
as  time  goes  on,  is  still  more  striking,  the  effect  being  only  5.39,  27 
minutes  after  mixture,  but  8.56,  ij  hours  after  mixture,  and  9.31, 
19 
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16  hours  later.  The  maximmn  effect  remains  much  less  for  this 
quantity  of  saponin  than  for  0.1  cc.  or  anything  above  it.  With  0.02 
cc.  of  the  saponin  solution  (the  smallest  quantity  employed)  to  5  cc. 
of  A  the  maximum  effect  is  still  less,  but  the  relative  increase  between 
the  first  and  last  measurement  is  the  greatest  of  all  (from  0.74  to  3.33V 

The  action  of  saponin  in  laking  the  colored  corpuscles  has  usually 
been  ascribed  to  a  solution  or  "  corrosion  "  of  some  constituent  of  the 
stroma  (or  envelope).  The  fact  that  it  greatly  increases  the  conduc- 
tivity of  the  formaldehyde-hardened  corpiiscles  is  an  additional  argu- 
ment in  favor  of  this  view.  It  further  shows  that  the  substance  on 
which  saponin  acts  is  not  fixed  by  formaldehyde,  within  the  longest 
period  investigated  (a  fortnight),  or  at  least  is  not  altered  in  such  a 
■way  as  to  become  incapable  of  being  attacked  by  saponin.  This 
makes  it  highly  probable  that  the  substance  is  not  a  proteid.  Ran- 
som '  has  recently  brought  forward  evidence  that  the  substance  on 
which  saponin  acts  when  it  lakes  the  corpuscles  is  cholesterin.  My 
results  are  compatible  with  this  idea.  But  it  seems  certain  that  if  the 
saponin  produces  its  effect  on  the  conductivity  of  formaldehyde  blood 
by  attacking  the  cholesterin  in  the  corpuscles,  the  result  is  due  not 
to  any  merely  chemical  reaction  between  the  saponin  and  the  choles- 
terin, but  to  a  change  of  structure  in  the  corpuscles  which  renders 
them  more  permeable  to  ions  and  perhaps  in  addition  to  an  increased 
dissociation  of  electrolytes  in  the  corpuscles.  I  have  not  hitherto 
found  anything  in  the  appearance  of  the  coi-puscles  under  the  micro- 
scope or  their  behavior  to  stains  which  throws  any  light  on  the  point 
of  attack  of  the  saponin. 

In  Experiment  III  I  endeavored  to  determine  whether  the  addi- 
tion of  saponin  to  yolk  of  egg,  which  is  known  to  be  rich  in  cholesterin 
(and  lecithin)  compounds  would  affect  the  conductivity  at  all  in  the 
same  way  as  it  affects  the  conductivity  of  blood.  I  found  that  it  had 
no  more  influence  on  the  yolk  than  on  the  white,  and  no  greater 
effect  on  either  than  was  due  to  the  electrolytes  contained  in  the  sapo- 
nin solution.  On  the  other  hand  it  was  shown  that  there  was  a 
marked  difference  in  the  effect  of  dilution  with  water  on  the  conduc- 

*  Vcutsehe  med.   Woc/ienseh.,  1901,  p.  194. 
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tivity  of  the  white  and  tho  yolk  respectively,  the  dilution  causing  a 
much  smaller  proportional  diminution  in  the  conductivity  of  the  yolk 
than  in  that  of  the  white.  Thus  in  Experiment  IV  the  conductivity 
of  the  yolk  was  19.83  and  that  of  the  white  56.46.  Dilution  with 
1  volume  of  water  (Fig.  1)  reduced  the  conductivity  of  the  former 
to  17.76  and  that  of  the  latter  to  33.98;  while  the  addition  of  3  vol- 
umes of  water  made  the  conductivity  of  the  yolk  11.52  and  that  of 
the  white  19.26.  The  conductivity  of  the  undiluted  yolk  is  always 
much  less  than  that  of  the  undiluted  white,  the  ratio  being  usually 
about  1:3. 
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Curves  showing  the  effect  of  dilution  with  water  on  the  conductivity  of  yollv  and  of 

white  of  egg,  plotted  from  Exp.  IV.     Conductivities  laid  off  along  vertical 

axis,  and  quantities  of  water  added  along  horizontal  axis. 


The  fact  that  saponin  increases  the  conductivity  of  blood-corpuscles 
which  have  been  fixed  by  formaldehyde  suggests  that  its  primary 
action  on  unhardened  blood  is  the  same,  viz.,  an  increase  in  the 
permeability  of  the  envelope  to  the  electrolytes  of  the  serum  or  of 
the  corpuscles  themselves.     The  osmotic  equilibrium  would  be  thus 
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Tipset;  some  of  the  water  of  the  seiiim  would  pass  into  the  coi-piiscles ; 
and  when  the  increase  of  permeability  reached  a  certain  limit  enough 
water  might  enter  to  cause  of  itself  the  discharge  of  the  haemoglobin. 
Saponin-laking  would  thus  be  reduced  to  a  special  form  of  water- 
laking,  as  Nolf  °  and  Hedon  °  have  suggested.  My  experiments,  in 
so  far  as  they  demonstrate  an  actual  increase  of  permeability  for  the 
electrolytes,  are  distinctly  in  favor  of  this  hypothesis.  Support  is 
also  lent  to  this  view  by  the  fact  that  an  amount  of  saponin  insufficient 
to  prodiice  laking  may  cause  the  blood  to  darken,  the  corpuscles 
swelling  up  ■without  losing  haemoglobin.  This  change  is  not  accom- 
panied by  the  marked  increase  of  conductivity  which  signalizes  the 
actual  onset  of  the  laking  process,  although  the  conductivity  may  be 
somewhat  increased. 

Another  fact,  which,  if  it  does  not  so  directly  support  this  theory 
of  the  saponin  action,  is  at  least  consistent  with  it,  is  that  the  laking 
action  of  saponin  and  also  its  effect  on  the  conductivity  are  much  more 
easily  produced  at  a  temperature  of  40°  to  45°  C.  than  at  the  ordinary 
temperature.  A  dose  of  saponin  which  may  be  ineffective  at  room 
temperature  may  cause  complete  laking  and  the  characteristic  increase 
of  conductivity  when  the  blood  is  heated  to  the  temperature  men- 
tioned, and  a  dose  which  may  be  just  capable  of  lalcing  slowly  at 
ordinary  temperature  will  bring  about  rapid  laking  at  40°  to  45°. 
Occasionalh'  I  have  noticed,  as  in  Exp.  V,  that  a  dose  to  which  blood 
is  refractory  at  40°  to  45°,  becomes  rapidly  effective  at  50°  C.  The 
phenomenon  is  different  from  heat-laking,  for  this  cannot  be  obtained 
even  by  prolonged  heating  at  such  temperatures.  The  action  seema 
to  be  simply  the  ordinary  saponin  action  intensified  by  the  increase  of 
temperature,  which  may  diminish  the  power  of  resistance  of  the  en- 
velope to  the  attack  of  the  saponin  and  the  penctratiou  of  the  electro- 
lytes. 

A  diminution  in  the  resistance  of  the  corpuscles  to  the  action  of 
saponin  may  be  actually  observed  when  blood  is  allowed  to  stand  for 
a  while  before  addition  of  the  saponin.     A  given  dose  of  saponin  may 

<•  Ann.  <le  I'Imtitut  Pasteur,  I'.tOO,  p.  297. 
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then  produce  a  greater  increase  of  conductivity  and  more  complete 
laking  than  the  same  dose  produced  in  the  fresh  blood;  and  a  dose 
which  is  insufficient  to  bring  about  complete  laking,  with  the  corre- 
sponding increase  of  conductivity,  in  fresh  blood,  may  do  so  in  stale 
blood. 

With  the  view  of  throwing  further  light  on  the  changes  whicli 
occur  in  the  serum  and  the  corpuscles  when  unhardened  blood  is 
lated  by  saponin — a  subject,  as  already  remarked,  less  easy  to  study 
than  the  corresponding  changes  in  formaldehyde  blood — ^I  have  com- 
pared the  conductivity  and  freezing-point  of  ordinaiy  defibrinated 
blood  and  of  formaldehyde  blood  before  and  after  the  addition  of 
saponin.  The  same  quantities  were  determined  for  the  sera  of  the 
defibrinated  blood,  the  formaldehyde  blood  and  the  mixture  of  the 
latter  with  saponin  (Experiment  V).  It  was  found  impracticable  to 
separate  the  ghosts  from  the  saponin-laked  defibrinated  blood  by  the 
centrifuge,  and  therefore  in  this  case  the  freezing-point  was  meas- 
ured directly  on  the  laked  blood,  and  the  conductivity  of  the  cor- 
puscle-free liquid  was  not  determined.  But  in  Experiment  VI  the 
ghosts  were  completely  separated  from  saponin-laked  blood  by  filtra- 
tion through  a  pot  of  porous  clay,  and  the  conductivity  of  the  liquid 
measured. 

In  Exp.  V  from  the  percentage  of  serum  in  the  defibrinated  blood 
(estimated  by  the  electrical  method  previously  described  by  me  ')  and 
the  actual  J  of  the  serum  and  saponin  solution  I  have  calculated  the 
value  of  J  for  the  extra-corpuscular  liquid  of  the  mixture  of  blood  and 
saponin,  on  the  assumption  that  no  exchange  of  water  or  dissolved 
solids  between  the  corpuscles  and  this  liquid  is  caused  by  the  saponin, 
or  that,  if  there  is  any  exchange,  water  accompanies  the  solids  in  such 
proportion  as  to  leave  the  J  of  the  extra-corpuscular  liquid  the  same 
as  if  no  exchange  took  place. 

From  the  percentage  of  extra-corpuscular  liquid  "  in  the  formaldehyde 

"<  Joum.  of  Physiology,  1S99,  xxiT,  p.  3.56. 

8  I  have  supposed  for  the  purpose  of  calculating  this  percentage  that  the  formalde- 
hyde solution  when  added  to  blood  simply  mixes  with  the  serum,  without  any  altera- 
tion in  the  volume  of  the  serum-formaldehyde  mixture  taking  place  through  exchange 
with  the  corpuscles.  Since  the  corpuscles  preserve  their  normal  size  and  shape  this 
assumption  is  approximately  correct.     But  although  there  is  no  notable  movement  of 
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blood  A  and  the  actual  /  and  J  of  this  liquid  and  of  the  saponin  solution 
I  have,  on  the  same  assumption,  calculated  the  value  of  /  and  J  for  the 
extra-corpuscular  liquid  of  the  mixture  of  A  and  saponin.  In  calculating 
/  and  J  I  have  made  no  allowance  for  possible  changes  in  the  dissociation 
coefficient  when  mixture  takes  place.  Comparison  of  the  actual  and 
calculated  values  of  /  and  J,  of  course,  affords  information  as  to  the 
correctness  of  the  assumption  on  which  the  calculation  is  based,  and 
where  it  is  erroneous  indicates  how  it  must  be  modified. 

It  will  be  seen  that  for  the  mixture  of  defibrinated  blood  and  saponin 
the  actual  is  distinctly  greater  than  the  calculated  J.  This  is  doiibtless 
due  in  part  to  the  escape  of  haemoglobin  into  the  serum.  But  the 
molecular  weight  of  hsemoglobin  is  so  great  that  even  the  solution  of 
the  whole  of  the  hemoglobin  would  not  suffice  to  account  for  the  differ- 
ence. In  Experiment  VI  the  liquid  obtained  by  filtering  off  the  ghosts 
from  saponin-laked  blood  had  a  conductivity  aboiit  equal  to  that  of  the 
serum  of  the  original  defibrinated  blood,  although  decidedly  less  than 
that  of  serum  obtained  from  blood  to  which  as  much  of  the  NaCl  solu- 
tion used  in  making  the  saponin  solution  had  been  added  as  was  added 
of  the  saponin  solution  to  the  saponin  blood.  The  deficiency  in  ).  of  the 
serum  of  the  saponin-laked  blood  is  easily  explained  by  the  depressing 
inffiience  on  the  conductivity  exerted  by  the  dissolved  haemoglobin. 
Indeed  the  quantity  of  hemoglobin  in  solution  would  cause  a  consider- 
ably greater  deficiency  than  actually  exists.  So  that  it  seems  necessary 
to  suppose  that  water  has  entered  the  corpuscles  from  the  serum  in 
greater  proportion  than  electrolytes,  or  that  if  water  has  come  out  of 
the  corpuscles  it  has  been  accompanied  by  electrolytes  in  such  amount 
that,  apart  from  the  depressing  influence  of  the  hjemoglobin,  the  con- 
ductivity of  the  serum  would  have  been  increased.  The  latter  alter- 
native would  also  explain  the  excess  of  the  actual  over  the  calculated  J 
in  Exp.  V,  and  it  is  this  that  we  must  accept.  For  although  at  the 
beginning  of  the  saponin  action  water  seems  to  enter  the  corpuscles 
and  to  cause  them  to  swell,  the  process  must  be  reversed  with  the  dis- 
charge of  the  haemoglobin,  since  in  saponin-laked  blood  the  ghosts  con- 
stitute only  a  relatively  small  proportion  of  the  total  volume.  We 
must,  therefore,  suppose  that  as  the  hemoglobin  escapes  from  the  cor- 
puscles, they  also  lose  water  and  electrolytes. 

water  into  or  out  of  the  corpuscles,  mucli  of  the  formnldehyde  certiilulv  enters  tticni. 
This  is  well  illustrated  by  the  fact  tliat  for  the  serum  from  A  the  calculated  is  much 
greater  than  the  actual  A,  while  the  actual  >  is  almost  the  same  as  the  calculated. 
This  shows  that  the  dlll'erence  between  the  actual  and  calculated  ^  is  due  to  the  pas- 
sage of  non-electrolytes,  and  not  of  electrolytes  into  the  corpuscles. 
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In  the  ease  of  the  extra-corpuscular  liquid  of  the  mixture  of  formal- 
dehyde blood  and  saponin  the  difference  between  the  actual  and  calcu- 
lated J  is  too  great  to  be  explained  by  the  passage  even  of  all  the 
saponin  into  the  corpuscles.  It  is  most  easily  accounted  for  by  the  sup- 
position that  saponin  increases  the  permeability  of  the  corpuscles  for 
certain  of  the  dissolved  substances  in  the  extra-corpuscular  liquid.  If 
any  salts  pass  into  the  corpuscles,  water  must  enter  along  with  them, 
or  other  salts  must  escape  from  the  corpuscles,  since  the  actual  /  of  the 
corpuscle-free  liquid  (referred  to  as  "  top  "  in  the  tables)  is  practically 
the  same  as  the  calculated  /.  The  difference  between  the  actual  and 
calculated  J  must  accordingly  be  due  to  the  passage  not  of  electrolytes 
but  of  non-electrolytes  (formaldehyde)  into  the  corpuscles.  As  has  been 
shown  in  JExp.  I,  the  marked  increase  of  /  of  the  entire  formaldehyde 
blood  under  the  influence  of  saponin  is  due  to  an  increase  in  the  permea- 
bility of  the  corpuscles  for  ions.  I  have  already  given  reasons  for  suppos- 
ing that  when  ordinary  (iin]-:ardened)  blood  is  acted  on  by  saponin  the 
corpuscles  become  more  permeable  to  the  salts  of  the  serum,  or  certain  of 
them,  and  presumably  to  their  ions.  Whether  this  increase  of  permea- 
bility persists  when  the  corpuscles  have  been  reduced  to  ghosts  by  the 
escape  of  the  haemoglobin  I  am  unable  to  say.  The  ghosts  certainly 
remain  worse  conductors  than  the  serum,  as  is  shown  by  the  fact  that 
as  the  serum  is  separated  from  saponin-laked  blood  the  conductivity  of 
the  residue  sinks  (see  e.  g.  Exp.  VI). 

Another  point  of  interest  illustrated  in  Exp.  V,  and  still  better  in 
Exp.  I,  is  that  the  conductivity  of  a  specimen  of  defibrinated  blood 
treated  first  with  formaldehyde  and  then  after  a  while  with  saponin  is 
not  in  general  the  same  as  the  conductivity  of  another  specimen  of 
the  same  blood  to  which  saponin  is  first  added  and  then  formaldehyde 
in  the  same  amount  as  in  the  first  observation.  The  difference,  of 
course,  depends  on  the  presence  of  the  corpuscles,  and  would  not  be 
seen  if  the  electrolytes  of  the  blood  were  all  in  simple  solution.  The 
combination  blood  -{-  saponin  -{-  formaldehyde  has  in  general  a  smaller 
conductivity  than  the  combination  blood  +  formaldehyde  +  saponin, 
especially  when  in  the  second  combination  blood  which  has  been  acted 
on  so  long  by  the  formaldehyde  that  no  laking  takes  place  on  the  addi- 
tion of  saponin  is  employed.  This  supports  the  conclusion  already 
drawn,  that  one  of  the  causes  of  the  smaller  conductivity  of  the  first 
combination  is  the  depressing  effect  of  the  haemoglobin  on  the  conduc- 
tivity of  the  laked  blood.  In  addition,  it  is  probable  that  a  great  part 
of  the  formaldehvde,  which,  as  a  non-conductor,  depresses  the  conduc- 
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tivit)'  of  the  extra-corpuscular  liquid,,  is  in  the  second  combination  fixed 
in  the  corpuscles. 

THE  BEHAVIOR  OF  PUS  CELLS  TO  XHiCl,  XaCl,  SAPONIN  AND  WATER. 

In  order  to  see  whether  other  cells,  and  especially  dead  cells,  would 
exhibit  any  of  the  peculiarities  studied  in  the  colored  corpuscles,  I 
made  some  experiments  with  pus. 

In  Experiment  VII  it  is  shown  that  pus  corpuscles,  like  colored 
blood-corpuscles,  have  a  smaller  conductivity  than  the  serum  of  pus. 
The  seimm  can  be  separated  from  the  corpuscles  by  filtering  the  pus 
through  porous  clay,  but  more  easily,  and  as  completely,  or  nearly  so, 
by  filtering  it  through  paper,  putting  the  first  portion  of  the  filtrate 
back  on  the  filter.  I  have  had  no  success  in  obtaining  the  serum 
free  from  corpuscles  by  the  centrifuge.  On  the  average  the  conduc- 
tivity of  the  pus  serum  is  very  much  the  same  as  that  of  blood  serum, 
but  sometimes  it  is  considerably  gi-eater,  especially,  of  course,  if 
putrefaction  is  at  all  pronounced.  I  have  preciously  shown '  that  in 
putrefying  liquids  the  conductivity  increases  and  the  freezing-point 
diminishes  progressively  up  to  a  certain  limit,  as  time  goes  on,  owing 
to  the  conversion  of  proteids  or  other  complex  substance?  into  simpler 
compounds,  some  of  which  are  electrohi;es.  I  have  never  obtained 
such  small  values  for  the  conductivity  of  sediments  rich  in  pus  cells 
as  for  blood  sediments,  and,  therefore,  it  would  seem  that  pus  cor- 
puscles are  more  permeable  to  the  ions  of  the  serum  than  blood- 
corpuscles  are.  But,  as  is  seen  in  Exp.  VII,  the  conductivity  of  the 
sediment  is  much  less  than  that  of  the  serum. 

"\^Tien  diluted  with  water  (Exp.  VII  and  Fig.  2)  pus  has  a  higher 
conductivity  than  a  simple  solution  of  electrolytes  or  blood-serum 
or  egg-white  diluted  to  the  same  extent,  but  a  lower  conductivity  than 
correspondingly  diluted  yolk  of  egg  {Exp.  IV  and  Fig.  1)  or  defibrin- 
ated  blood.  This  indicates  that  electrolytes  may  pass  out  of  the  cor- 
puscles when  pus  is  diluted  with  water.  But  in  the  absence  of 
measurements  of  the  conductivity  and  freezing  point  of  the  corpuscle- 
free  liquid  from  the  diluted  pus  one  cannot  make  any  positive  state- 
ment as  to  this.     For  there  are  three  other  factors  which  would  cause 
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a  relative  increase  of  conductivity:  increased  dissociation  of  electro- 
lytes in  the  serum,  diminution  of  the  depressing  effect  of  the  non- 
electrolytes,  and  increase  in  the  average  breadth  of  the  conducting 
path?  between  the  corpuscles. 


* 

1 

*■ 

^ 

1 

\PCI5 

\ 

K 

Curve  showing  the  effect  of  dilution  with  water  on  the  conductivity  of  pus.  plotted 

from  Exp.  VII.     Conductivities  along  vertical,  quantities  of  water 

added  along  horizontal  axis. 


Heating  pus  to  69°  C.  (Exp.  VII)  and  subsequent  dilution  failed 
to  reveal  any  analogy  between  the  behavior  of  pus  corpuscles  and  that 
of  blood  corpuscles,  the  ratio  between  the  conductivity  of  the  pus 
which  had  been  heated  and  that  of  the  heated  pus  after  dilution  with 
its  own  volume  of  water  being  practically  the  same  as  the  correspond- 
ing ratio  for  a  specimen  of  unheated  pus  and  for  a  sediment  of  pus. 
In  Exp.  IX  it  is  shown  that  when  pus  is  heated  to  80°  C.  for  10 
minutes  its  conductivity  is  increased.  The  increase  is  still  greater 
when  the  pus  is  heated  to  93°  for  15  minutes,  although  the  conduc- 
tivity of  the  serum  is  diminished. 

On  the  other  hand,  saponin,  as  is  shown  in  Experiment  VIII,  in- 
creases the  conductivity  of  pus  just  as  it  does  the  conductivity  of  blood. 
This  is  the  case  also  when  saponin  is  added  to  pus  which  has  been 
treated  with  formaldehyde.     The  action  is  on  the  corpuscles,  since  the 
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addition  of  saponin  to  pus  serum  causes  only  the  change  of  conduc- 
tivity due  to  the  electrolytes  in  the  saponin  solution  {Exp.  IX). 
Wlien  saponin  is  added  to  pus  which  has  been  heated  to  93°  C.  {Exp. 
/J?)  the  characteristic  increase  of  conductivity  is  still  produced,  al- 
though the  proteids  of  the  corpuscles  must  have  lieeu  coagulated. 
With  the  microscope  the  corpuscles,  or  at  least  great  numbers  of  them, 
were  seen  to  be  still  intact,  and  stained  normally.  These  facts  are 
in  accordance  with  what  has  been  already  mentioned  as  to  the  action 
of  saponin  on  formaldehyde  blood,  and  suggest  that  in  the  case  of  pus 
also  the  constituent  of  the  corpuscles  on  which  the  saponin  acts  is  not 
of  proteid  nature. 

At  the  same  time  it  ought  to  be  pointed  out  that  the  entire  increase 
produced  by  saponin  in  the  conductivity  of  the  heated  pus  is  not  due 
to  an  action  on  the  corpuscles;  a  portion  of  the  increase  is  caiised  by 
some  action  of  the  saponin  on  the  seram.  This  is  proved  in  Experi- 
ment IX,  where  the  behavior  to  saponin  of  the  serum  of  imheated 
pus  is  compared  with  that  of  the  serum  of  the  same  pus  after  heating 
to  93°.  In  the  case  of  the  serum  of  the  unheated  pus  the  saponin, 
as  already  stated,  produces  only  the  small  increase  of  conductivity 
corresponding  to  the  electrolytes  in  the  saponin  solution.  The  in- 
crease in  the  conductivity  of  the  sonim  of  the  heated  pus  is  too  great 
to  be  entirely  accounted  for  in  this  way.  I  have  no  results  as  yet 
which  wovild  enable  us  to  decide  whether  the  action  of  the  saponin  on 
the  senini  of  the  heated  pus  causes  the  granules  present  in  it  (some 
of  which  may  have  escaped  from  corpuscles  either  partially  or  wholly 
broken  down  by  the  heating)  to  become  better  conductors,  or  whether 
the  increase  in  conductivity  is  due  to  the  action  of  the  saponin  on  dis- 
solved substances.  It  cannot  be  due  to  any  action  on  intact  corpuscles 
in  the  serum,  for  it  was  shown  by  the  microscope  that  none  such  were 
present. 

There  is  no  evidence  {Exp.  VIII)  that  pus  corpuscles  take  up 
KIIiCl  in  preference  to  NaCl  either  in  the  case  of  normal  pus  or  of 
pus  hardened  by  formaldehyde. 

SUMMARY. 

1.  The  increase  of  conductivity  produced  by  saponin  in  formalde- 
hyde-hardened blood  is  due  to  an  increase  in  the  conductivity  of  the 
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corpuscles  (increased  permeability  of  the  corpuscles  to  ions)  and  not, 
mainly  at  any  rate,  to  the  liberation  of  electrolytes  from  the  corpuscles 
and  a  consequent  increase  in  the  conductivity  of  the  serum.  The 
increase  in  the  permeability  of  the  corpuscles  is  probably  caused  by 
a  "  corrosive,"  dissolving,  or  emulsifying  action  of  the  saponin  on 
some  non-proteid  constituent  of  the  envelope  or  stroma. 

2.  In  the  first  stage  of  the  action  of  saponin  on  blood  (not  fixed  by 
formaldehyde)  there  seems  also  to  be  an  increase  in  the  permeability 
of  the  corpuscles  for  ions,  even  before  any  haemoglobin  has  been 
liberated.  The  liberation  of  the  hfemoglobin  may  be  secondary  to 
this,  owing  to  the  entrance  of  water  consequent  on  the  disturbance 
of  osmotic  equilibrium. 

3.  Heating  the  blood  to  40°  to  45°  C.  intensifies  the  laking  action 
of  saponin,  so  that  a  dose  insufiicient  to  cause  laking  at  ordinary  tem- 
perature may  do  so  when  the  blood  is  heated  to  the  temperature 
mentioned. 

4.  Pus  corpuscles,  like  red  blood  coi-puscles,  are  worse  conductors 
than  the  serum  in  which  they  are  suspended.  Unlike  blood  cor- 
puscles, they  show  no  preference  for  NHiCl  as  compared  with  JSTaCl. 
On  the  other  hand,  the  conductivity  of  pus  is  increased  by  the  action 
of  saponin,  just  as  is  the  case  with  Ijlood,  and  apparently  very  much 
in  the  same  way,  that  is  to  say,  by  an  action  on  the  corpuscles  and  not 
on  the  serum.  The  fixing  of  the  pus  corpuscles  hy  formaldehyde 
does  not  hinder  this  action  of  saponin. 


PROTOCOLS    OF    EXPERIMENTS. 
EXP.  I. 

April  17.  At  10.20  A.  xi.  obtained  defibrinated  blood  from  a  bitch.  At  3.50  p.  m.  added  to  150  cc.  of  the 
defibrinated  blood  75  cc.  of  a  4  per  cent  solution  of  formaldehyde  in  XaCl  solution.  The  mixture  is 
called  A.  For  the  formaldehyde  solution  /=64.18;  for  the  saponin  solution  /  =  S3.94  ;  for  the  NaCl  used 
in  making  the  saponin  and  formaldehyde  solutions  a^78.97.  Percentage  of  serum  in  the  defibrinated 
blood  calculated  by  the  electrical  method,  51.5. 


Time. 

DeSbrlnaced  blood. 

■/ 

Time. 

Formaldehyde  blood  A. 

> 

April  17, 

30.18 
34.63 

37.95 

43.71 
44.55 

38.87 
84.33 

43.11 

47.56 

46.86 

47.47 

33.09 
39.55 

April  17, 
8.37  P.M. 

7.38 

7.45 

8.23 

April  18, 
p.  M. 
3.33 
6.30 

April  19, 

8.01  P.M. 

8.05 

8.13 
8.17 

8.35 
May  2. 

A.   M. 

10.49 
11.00 
11.19 

p.  M. 

7.53 

A.    M. 

11.00 

11.11 

11.20 
11.30 

A 

37.01 

8.30 

30  CO.  A +  1.6  cc.  saponin  sol. 
Considerably  darkened. 

Well  laked.". 

(After  standing  IS  hrs.  is  thick  and 
viscid)  

30  cc.  A +  1.6  cc.  saponin  sol. 

Not  laked 

7.17 
7.33 

30  cc.  dettb.  blood +  1.6  cc.  saponin. 

56  33 

7.45 

8.10 

Not  laked,  only  somewhat  darkened ; 
heated  in  bath  at  44°  to  45°  along 
with  A  +  saponin.     A  +  sapo.  lakes 
far   sooner    and    more    completely 
than  detib.  blood  +  saponin. 

Defib.  blood  +  saponin  (well  laked).  . 

To  the  mixture  of  deflb.  blood  and 
saponin  added  10  cc.  formald.  sol. 

.53.26 
58.41 

8.14 

(After  standing  13  hrs.  is  still  thin 

59.79 

8.45 

Top  (after  centrif.  for  50  min.). . 

83.66 

(After  standing  18  hours) 

46.51 

April  IS, 
P.  M. 
3.05 

A  +  as  much  of  the  NaCl  sol.  used  in 
making  the  sapo.  solution  as  was 
added  of  the  saponin  sol. 

41.90 

2.  .55 
3.17 

20  cc.  blood +  1.6  cc.  saponin. 

Only  somewhat  darkened;  not  at  all 

laked. 
Not  laked,  although  dark. 
Now  laked   

Top  (after  centrif.  for  20  min)  . . 

78.48 
18.68 

4.25 

Top  of  A  (after  centrif.  for  50  m.) 

79.78 
14.76 

6.15 

15  cc.  A  +  1.2  cc.  saponin  sol. 

6.30 

Added  to  this  mixture  of  defib.  blood 

58  95 

6.37 

(After  standing  18  hrs.) 

61.38 

(After  standing  13  hrs.,  perfectly 

80.23 

51.43 

3.17 

Bottom*  (after  centrif.  20  min.). 
30  cc.  blood +  1.6  cc.  of  the  NaCl  sol. 
used  in  making  the  saponin  sol. 

10  cc.  A +  20  cc.  water. 

33.03 

33.78 

6.05 

Top 

30.11 

(After  standing  VSX  hrs.) 

18.60 

7.53 

A 

85.96 

A 

38.53 

5  cc.  A +  0.4  cc.  saponin  sol.t 

66.53 

66.19 

(19  hours  later)                    

66.36 

5  cc.  A  +  0.4   cc.  of  the  NaCl   sol.t 
used  in  making  the  saponin  sol. 

44.09 

5cc.  A+  5cc.  NH.CIS 

(After  standing  24  hours    

74.84 
103.47 

5  cc.  A +  5  cc.  NaCl  : 

(After  standing  34  hours)    

Top 

80.33 
111.18 

•  There  Is  very  Itltle  separation.  The  ghosts  cannot  be 
s<-parated  by  tbo  ceDtrlfuge  but  can  be  completoly  aep- 
arated  by  flItrHiloii  through  paper.  Atler  n  time  both  the 
flltrata  and  the  sudlmem  uu  the  niter  set  luio  a  very  Qrm 
Jelly. 


t  For  this  saponin  ROlutlon  A  =  139  3"- 
t  For  the  Na(M  solution  A  =  140  07. 
t  For  the  NH,C1  solution  A  =  143.10. 


To  shoii'  effect  of  different  ipmntities  of  saponin  on  the  eonchictivitij  of  formiiUlehyde  blood. 
Formaldehyde  blood  A  (from  Exp.  V)  was  used.  On  April  17,  7.5  cc.  of  a  4  per 
cent  solution  of  formaldehyde  in  NaCl  solution  was  added  to  1.50  cc.  of  bitch's 
defibrinated  blood.  For  the  saponin  solution  >  =  1.39.o0.  For  the  NaCl  solution 
used  in  making  the  saponin  solution  /  =  140.07. 


Time. 

A 

A  of  comrol. 

Difference 
bet.  A  and  A 
ot  control. 

May  2, 

A 

38.53 

66.53 
66.19 
66.36 

62.44 
63.85 
63.85 

54.52 
55.96 

57.78 

43.86 
47.03 
48.19 

73.91 

72.84 
73.84 

39.80 
40.95 
42.39 

44.09 

41.35 

39.73 

38.47 
38.88 
51.11 

39.06 

11.00 
11.19     , 

5  cc.  A +  0.4  cc.  saponin. 

22.44 

22.10 

11.50  A.  M. 

(19  hours  later) 

5  cc.  A +  0.2  cc.  saponin. 

22.27 
21.09 

22.50 

32.. 50 

3.13  P.  M. 

6  cc.  A +  0.1  cc.  saponin. 

14.79 

16.23 

18.05 

3.50 

5  cc.  A +  0.^)5  cc.  saponin. 

5.39 

S  15 

8.56 

9.31 

3.50 
4.23 
8  23 

5  cc.  A  +  1  cc.  saponin. 

22.80 
31.73 

21.73 

4.35 
4  50 

5  cc.  A +  0.02  cc.  saponin. 

0.74 

8  30 

1.89 

3.33 

White  and  yolk  of  two  fresh  hen's  eggs,  beaten  up  separately  and  strained  through 
muslin.  For  the  saponin  solution  /.  ^  140.83  ;  for  the  NaCl  solution  used  in 
making  it,  >  =  141.62. 


/. 

/ 

AVhite                       

59.09 
69.26 

69.07 

Yolk 

31.45 

5  cc.  white  +  0.8  cc.   saponin 

5  cc.  yolk +  0.8  cc.  saponin 
solution '. 

5  cc.  yolk +  0.81  cc*  of  the 
NaCl  sol.  used  in  making 

35.06 

5  cc.  white  +  0.81  cc*  of  the 
NaCl   sol.   used   in    making 

35.36 

.01  cc.  too  much  was  added  by  mistake. 


EXP.   IV. 

"White  and  yolk  of  hen's  egg  beaten  up  separately. 


^- 

Ratio  ot  A 

ot  undiluted 

to  A  of 

diluted. 

7. 

Eallo  ot  A 

of  undiluted 

to  A  of 

diluted. 

White 

56.46 
33.98 
19.26 
10.41 

1.66 
3.93 
5.43 

Tolk.... 
+ 1  vol 

+  3     " 

+  7      " 

water. . 

19.83 

17.76 

11..52 

6.78 

+  1  vol.  water  . . 
+  3     "         "     .. 

+  7      "          "      .. 

1.11 
1.73 
2.93 
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Dog's  detibrinated  blood. 


For  the  saponin  solution  A  =  140.83  ;  for  the  NaCl  solution 
used  in  making  it  A=141.63. 


The  detibrinated  blood 

Serum  from  clot  (free  from  haemoglobin) 

To  50  CO.  of  detibrinated  blood  added  4  cc.  of  saponin   solution  (dark 

and  laked  in  5  minutes) 

Filtered  the  saponin  blood  several  times  through  paper,  and  centri- 
fugalized  the  filtrate. 

Filtrate  (contains  many  ghosts  and  leucocytes) 

Filtered  this  filtrate  through  a  pot  of  porous  clay.*     (Now  free  from 

corpuscles) 

Residue  containing  the  ghosts  and  leucocytes  but  also  much  serum  .  . . 
To  25  cc.  of  defibrinated  blood  added  3  cc.  of  the  NaCl  solution  used  in 

making  the  saponin  solution.     This  mixture 

Serum  from  this  mixture  (free  from  corpuscles) 


33.75 
88.33 


88.G4 
67.78 


38.47 
98.36 


Pus  from  tubercular  hip  joint 

+  1  Tol.  water 

+  2         "  

+  3K     "  

+  8  "  

Clear  serum  from  pus  (filtered  through  clay) 

Fresh  pus  obtained  on  another  occasion  from  the  same  hip 

joint 

Clear  serum  (filtered  through  paper) 

Sediment    

Sediment  +  1  vol.  water 

"        +3  vols,  water 

Another  specimen  of  pus    

Clear  serum  from  it  (filtered  through  paper) 

Sediment 

Another  specimen  of  pus    

Heated  to  60°  C.  (became  thicker  than  original  pus) 

Heated  pus  + 1  vol.  water 


Ratio  of  A 

„ 

of  pus  to 

A 

A  ot  diluted 

pus. 

•    49.51 

34.13 

1.45 

3.5.66 

1.93 

18.56 

3.66 

10.39 

4.75 

56.58 

39.45 

1.43 

33.04 

3.56 

49.56 

91.30 

38.55 

49.94 

.50.49 

34.87 

1.44 

KXP.   VIII. 


Pus  from  a  case  of  empyema  obtained  May  7.  On  May  8,  at  8  p.  m.,  added  to  50  cc.  of  the  pus 
20  cc.  of  a  4  per  cent  solution  of  formaldehyde  in  NaCl  solution.  Call  the  mixture  A.  For 
the  formaldehyde  solution  /.  =  123.66.  For  the  saponin  sol.  A=140.83;  for  the  NaCl  solution 
/.=141.63;  for  the  NH^Cl  solution  /.  =  143.90. 


Time. 

Pus. 

/ 

Time. 

Formaldehyde  pus  (A). 

A 

Mays 

p.  M. 

46.51 
109.27 

89.58 

89.26 

117.91 

89.26 

May  9, 

p.  M. 

4.26 

4.40 
7.19 
4.40 
7.25 
4.49 
7.32 
4.49 

7.40 
4.52 

7.48 

May  14, 

A.   M. 

11.47 
P.   M. 
12.07 

A.  M. 

11.47 
13.00 

A 

66.19 
93  54 

Serum  separated  by  filtration.  . . . 
10  cc.  pus +  10  cc.  NIIjCl. 

7.36 
8  19 

10  cc.  of  A +  10  cc.  NHjCl. 

101.81 
101.00 
78.48 

(After  standing  13  hours  more). . 

10  cc.  of  A  +  10  cc.  NaCl. 

7.37 
8.25 

10  cc.  pus +  10  cc.  NaCl. 

5  cc.  of  A +  0.4  cc.  saponin. 

(After  standing  20  hours  more). . 
Top       

88.64 
116.38 

59.65 
61.98 

53.27 
29.34 
74.34 

.56.08 

5  cc.  of  A +  0.4  cc.   of  the   NaCl 
solution  used  in    making    the 
saponin  sol. 

7.41 
8  31 

10  cc.  pus +  0.8  cc.  saponin. 

70  03 

7  42 

(After  standing  ll).,'  hrs.  more). . 

10  cc.   pus  +  0.8  cc.   of  the   NaCl 
sol.  used  in  making  the  sapo- 
nin solution. 

5  cc.  of  A  + 10  cc.  of  water. 

32  67 

8  37 

(After  standing  16  hrs.)     Top.    . 
5  cc.  of  A +  0.4  cc.  of  saponin. 

38.83 

7.45 
8.49 

10  cc.  pus +  20  cc.  water. 

V  10 

10  cc.  pus +  1.6  cc.  saponin. 

(After  standing  10^  brs.) 

10  cc.  pus+  1.6  cc.  of  the  NaCl 
sol.  used  in  making  the  sapo- 
nin solution. 

(After  standing  10>.<  hrs.) 

80,47 

9.10 

5ce.   of  A +  0.4  cc.   of  the  NaCl 
solution   used   in    making   the 
saponin  sol. 

71.41 

Same  pus  as  that  used  in  Exp.  VIII  obtained  on  May  7.     The  solutions  of  NII,C1, 
and  NaCl,  saponin  are  the  same  as  those  used  in  Exp.  VIII. 


Time. 


May  14, 

3.00  p.  M. 

3.10 

3.28 

3.48 

4.00 

4.20 

4.41 
May  1.5, 

3.":!0  p.  .M. 

3.42 
3.  .59 
7.31 


7.16 
7.45 
May  16, 
10.53  a.  m. 


11.10 
11.26 


Pus  heated  to  80°  C.  for  10  minutes 5(5.71 

5  cc.  of  the  heated  pus  +  0.4  cc.  saponin 

63. 69 

The  original  pus  (not  heated) 53.81 

Pus  heated  to  93°  C.  for  10  minutes I       61.33 

5  cc.  of  this  heated  pus +  0.4  cc.  saponin 

68.14 

Clear  serum  from  original  pus  (littered   through 

paper,  entirely  free  from  pus  corpuscles) 100.3 

5  cc.  of  this  serum +  0.4  cc.  saponin. 

111.6 
Serum  from  pus  which  was  heated  to  ilS"  (sepa- 
rated by  centrifuge.     Very  few  pus  corpuscles 

in  it,  but  a  good  many  granules) 9.5.06 

5  cc.  of  this  serum +  0.4  cc.  saponin 

105.63 

Serum  from  pus  which  was  heated  to  93°  (sepa- 
rated by  liltration  tlirough  paper.  Entirely 
free  from  pus  corpuscles.  Not  many  granules 
can  be  seen  till  methylene  blue  is  added,  when 
a  good  many  appear,  many  of  which  are  cocci)  i       98.54 

5  cc.  of  this  serum +  0.4  cc.  saponin. 

106,51 


*  III  ihls  column  are  given  the  conductlTlilesof  pua  ur  serum  or  pus  lo  whlcli  instead  uf 
saponin  solution  the  corresponding  amount  of  the  NaCl  solution  used  In  making  the  saponin 
eoluilon  WBB  added  as  a  conirol. 
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INTEODUCTION.       GEXEEAX  CONSIDEEATIONS  COXCEHNING  HiEMOLYSIS  AND 
BAOTEEIOLYSIS. 

[I  have  long  desired  that  the  action  of  venoms  upon  blood  should 
be  further  examined.  I  finally  indicated  in  a  series  of  propositions 
the  direction  I  wished  the  inquiry  to  take.  Starting  from  these  the 
follomng  very  satisfactory  study  has  been  made  by  Professor  Elexner 
and  Dr.  Noguchi.  My  owti  share  in  it,  although  so  limited,  I  men- 
tion with  satisfaction. — S.  "Weie  Mitchell.] 

The  following  research,  which  is  presented  at  this  time  in  abstract, 
was  conducted  under  a  grant  from  the  Bache  fund  of  the  National 
Academy  of  Sciences.     It  forms  the  firet  instalment  of  a  new  study 
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of  venoms  upon  wluoii  we  have  been  engaged  during  a  year  past,  and 
which,  it  is  hoped,  will  be  continued  during  another  year  or  longer. 

While  these  studies  are  still  incomplete,  the  data  here  given  have 
been  worked  out  in  detail  and  may  therefore  be  accepted  as  iinal. 
On  account  of  the  large  number  of  tables  which  will  be  given  in  the 
final  publication,  and  the  many  drawings  necessary  to  illustrate  prop- 
erly the  text,  more  or  less  delay  in  bringing  out  the  full  work  will  be 
inevitable.  But  inasmuch  as  the  results  of  the  studies  form  an  in- 
tegral part  of  the  work  on  haemolysis  and  bacteriolysis,  which  is  now 
attracting  so  much  attention  among  bacteriologists  and  pathologists, 
and  as  they  contain  certain  facts  of  fundamental  importance  bearing 
on  the  theory  of  these  phenomena,  it  seems  best  not  to  delay  publica- 
tion Tintil  the  entire  series  of  researches  shall  have  been  completed. 

At  present  we  shall  not  give  the  full  bibliogTaphy.  Since  the  fun- 
damental studies  of  "Weir  ilitchell  and  his  collaborators/  the  effects 
of  venom  upon  the  blood  and  the  nervous  system  of  animals  have 
been  generally  recognized.  The  rapid  putrefaction  which  sets  in 
after  poisoning  with  venom  was  also  explained  by  Welch  and 
Ewing's '  observations  on  the  loss  of  bactericidal  power  of  the  serum 
of  such  poisoned  animals.  The  close  relationship  of  the  poison  with 
certain  toxins  of  bacteria  and  of  higher  plants  was  shown  by  the  dis- 
covery of  Sewall,°  of  Calmette '  and  of  Fraser "  that  animals  could 
be  immunized  from  the  effects  of  venom  and  that  they  yielded  an 
active  antitoxin.  That  the  poison  of  venom  is  not  simple,  but  that 
it  consists  of  a  complex  of  constituents  of  a  proteid  nature  was  proven 
by  Mitchell  and  Reichert.  The  time,  therefore,  seemed  ripe  for  a 
further  study  of  the  physiological  effects  of  venom  upon  tiie  blood, 
upon  bacterial  life,  and  upon  tissues,  in  the  light  of  the  recent  studies 
upon  various  kinds  of  immunity. 

For  the  purpose  of  these  studios  dried  venom  has  been  employed. 

^Smithsonian  Contrib.  to  Knowledge^  18(!0,  xii,  iind  18S(),  No.  64  7. 

^Lancet,  1894,  1,  p.  1236. 

'  Journal  of  PriyHology,  1887,  viii,  p.  203. 

*Ann.(le  VlnKtitiit  Pa»leur,  1894,  vlll,  p.  275. 

^  Britith  Med.  Joiirn.,  1895,  1,  p.  1309. 
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Fortunately  several  kinds  were  available — tlirongli  the  kindness  of 
Prof.  Eeichert,  that  of  the  rattlesnake  (Crotalus  adamanteus) ;  of 
Dr.  Joseph  McFarland,  that  of  the  water  mocassin  (Ancistrodon 
piscivorus)  and  of  the  cobra  (Naja  tripudians),  and  of  Messrs.  Mul- 
ford  &  Co.,  that  of  the  copperhead  (Ancistrodon  contortrix).  We 
M'ish  to  express  to  these  gentlemen  our  great  appreciation  of  their 
kindness. 

Before  presenting  the  matter  of  onr  studies,  it  seems  best  to  preface 
what  we  have  to  say  with  a  brief  statement  of  some  of  the  facts  and 
views  relating  to  the  phenomena  of  haemolysis  and  bacteriolj'sis.  In 
this  preface  we  shall  not  distribute  credits  for  the  work  or  the  views 
here  embodied,  inasmuch  as  this  will  be  done  in  the  complete  jaubli- 
eation.  Only  so  much  will  be  said  as  is  necessary  for  an  understand- 
ing of  the  experimental  data  relating  to  venom  which  are  to  follow. 

By  hemolysis  is  meant  solution  of  the  blood-corpuscles.  The  term 
is  usually  applied  to  solution  of  the  red  corpuscles,  but  the  white  cells 
are  also  subject  to  a  similar  solution.  It  is,  therefore,  correct  to  speak 
of  hemolysis  when  both  kinds  of  cells,  erythrolysis  when  the  red  cells 
only,  and  leucolysis  when  the  white  cells  alone  are  dissolved.  In  this 
solution  of  the  red  cells,  which  is  the  type  of  hemolysis,  the  hremo- 
globin  is  separated  from  the  stroma  of  the  corpuscles.  The  separation 
of  haemoglobin  by  hypotonic  solutions  and  through  the  action  of  de- 
striictive  chemical  substances  is  not  considered  in  this  article.  Haemo- 
lysis as  here  employed  refers  to  such  separation  through  the  action  of 
complex  agents  derived  from  living  plants  or  animals.  This  form  is 
distinguished  as  biologic  haemolysis.  Of  all  such  agents  the  most  active 
are  found  in  the  blood  plasma  or  serum  of  alien  animal  species.  Others 
are  the  products  of  cellular  activity,  sxich  as  venom,  certain  toxic  pro- 
ducts of  bacterial  growth,  as  tetanolysin,  staphjdotoxin,  etc.,  and  still 
others  are  yielded  by  some  of  the  higher  plants,  as  crotin  from  Croton 
tiglium. 

The  most  familiar  examples  of  haemolysis  are  supplied  by  the  effects 
of  the  transfusion  of  animal  blood  into  man.  It  was  early  discovered 
that  the  practice  was  dangerous  for  the  reason  that  the  red  corpuscles 
of  the  host  were  dissolved  by  the  foreign  blood.  This  effect  was 
quickly  seen  to  be  due  to  the  serum  of  the  alien  blood  and  it  was  ob- 
served to  take  place  with  equal  readiness  in  vitro.     The  blood  of  animals 
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also  is  haemolysed  by  foreign  sera — the  red  corpuscles  of  the  rabbit,  for 
example,  being  dissolved  readily  by  dog's  serum.  Some  sera  have  very 
high  dissolving  power,  the  most  active  thus  far  known  being  that  ob- 
tained from  the  eel,  which  is  correspondingly  toxic.  After  admixture 
of  the  corpuscles  and  foreign  serum,  solution  does  not  occur  imme- 
diately. The  corpuscles  first  run  together,  become  clumped,  or,  as  we 
now  denominate  the  effect,  agglutinated.  The  dissolving  effect  of 
venom  upon  corpuscles  is  also  preceded  by  a  similar  agglutination,  as 
was  first  shown  by  Mitchell  and  Stewart." 

There  is  much  similarity  in  the  phenomena  of  agglutination  and  of 
lysis  as  observed  in  blood-corpuscles  with  appearances  seen  in  con- 
nection with  bacteria.  The  Gruber-Widal  reaction  of  agglutination, 
which  has  served  so  well  in  the  diagnosis  of  typhoid  fever  and  other 
bacterial  infectious  diseases,  is  of  a  similar  nature.  Moreover,  under 
certain  conditions  solution  of  the  agglutinated  bacteria  may  also  occur, 
when  bacteriolysis  more  or  less  analogous  to  hoemolysis  results.  The 
well-known  Pfeiffer  phenomenon,  in  which  cholera  spirilla  undergo  dis- 
integration and  solution  in  the  peritoneal  cavity  of  the  immunized 
guinea-pig  is  the  classical  example  of  bacteriolysis. 

The  studies  of  the  past  two  or  three  years  upon  the  allied  phenomena 
of  bacteriolysis  and  of  haemolysis  have  not  only  demonstrated  their 
fundamental  similarity,  but  provided  chemical  explanations  of  the  pro- 
cesses involved.  Pfeiffer  observed  that  the  serum  of  immune  animals 
caused  agglutination  only  of  the  bacterial  species  used  for  immuniza- 
tion; he  believed  that  for  complete  solution  of  the  bacteria  the  mix- 
ture miist  be  brought  into  the  living  body,  and  for  this  purpose  he  chose 
the  peritoneum  of  the  guinea-pig.  Somewhat  later  Metchnikoff  and  Bor- 
det  discovered  that  the  same  effect  could  be  produced  in  vitro  by  the 
addition  to  the  immune  serum  of  a  small  quantity  of  peritoneal  exudate, 
or  even  of  the  fresh  serrmi  of  an  animal.  From  this  experiment  it  could 
be  inferred  that  for  agglutination  of  bacteria  certain  bodies  were  re- 
quired which  were  in  the  immune  serum;  but  for  solution  still  other 
substances  contained  in  part  in  fresh  serum  were  requisite.  That  this 
second  substance  might  also  be  present  in  the  original  immune  serum 
could  now  be  shown;  and  it  was  also  demonstrated  that  it  is  of  a  very 
labile  nature  and  quickly  disappears  spontaneously.  The  addition  of 
fresh  serum  or  exudate  restores  it.  It  may  be  destroyed  by  raising  the 
temperature  of  the  fluid  to  5fi°  0. 

A  great  advance  in  our  knowledge  of  cytolysis  w;is  made  wIumi  it  was 
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discovered  that  immunization  to  blood  and  body  cells  gives  rise  to  the 
production  of  lysins.  Just  as  in  bacterial  immunization  lysins  for  the 
special  bacteria  employed  are  yielded,  so  also  are  evolved  analogous 
substances  for  red  and  white  blood  cells,  for  epithelial  cells,  spermato- 
zoa, etc.  Indeed  the  number  and  variety  of  lysins  that  can  be  produced 
experimentally  are  limited  only  by  the  number  and  variety  of  animal 
cells  available.  Blood  cells  of  one  animal  may  be  used  to  produce  a 
lysin  in  the  body  of  another  animal  of  the  same  species — isolysin;  in 
another  species — heterolysin;  and  success  has  in  rare  instances  followed 
the  re-injection  of  withdrawn  blood  through  which  autolysins  have 
been  produced.  Nor  is  the  production  of  lysins  the  only  result  of  the 
injection  of  cellular  structures.  Preceding  the  solution,  clumping  of 
the  cells  takes  place  from  which  it  may  be  concluded  that  agglutinins 
are  also  formed. 

The  factors  required  for  producing  solution  of  cells  are  similar  to 
those  for  causing  solution  of  bacteria  under  like  conditions.  Only 
when  the  lytic  serum  is  very  fresh  will  solution  be  effected;  the  addi- 
tion, however,  of  peritoneal  exiidate  or  fresh  normal  serum  to  immune 
serum  which  has  lost  the  solvent  property,  suffices  to  restore  it. 

A  consideration  of  the  preceding  facts  shows  that  the  agglutinating 
principle  is  distinct  from  the  dissolving  one.  This  consideration  also 
indicates  that  more  than  one  body  is  necessary  to  bring  about  solution 
either  of  bacteria  or  of  animal  cells. 

An  analysis  of  the  phenomena  suggests  that  at  least  two  substances 
are  requisite.  One  is  stable  and  contained  in  the  immune  sera  (whether 
for  bacteria  or  animal  cells);  the  other  is  labile,  and  while  originally 
contained  in  the  immune  sera,  it  is  lost  spontaneously.  This  latter 
substance  is  a  normal  constituent  of  the  lymph  and  blood  plasma,  for 
it  can  be  restored  by  the  addition  of  these  fluids. 

Experiments  conducted  in  a  very  convincing  way  by  Ehrlich  and 
Morgenroth  indicate :  (1)  that  a  special  principle  is  concerned  in  agglu- 
tination— the  so-called  agglutinin;  and  (2)  that  two  principles  are 
concerned  in  lysis.  These  principles  are  different  in  origin.  One — 
that  which  is  stable — is  the  product  of  immunization,  and,  on  account 
of  certain  combining  properties  possessed  by  it,  they  call  it  the  'inter- 
mediary body.' '     The  other  is  normally  present  in  the  body  juices  but 

'Ehrlich  has  recently  suggested  the  name  'ceptor,'  in  place  of  'intermediary 
body.'  According  to  the  manner  of  action  he  distinguishes  '  uniceptors  '  and  'am 
boceptors.'  Bordet  calls  this  body  'substance  sensibilisatrice ; '  Metchnikoff 
'fixator;'   P.  Mueller,  'copula.' 


282  Snahe  Venom   in  Eelation  to  Hcejnolysis 

is  easily  destroyed  by  lieat  and  tends  to  disappear  spontaneously  when 
the  fluids  are  removed  from  the  body.  This  latter  jDrinciple,  on  ac- 
count of  the  coniplemental  nature  of  its  action,  they  propose  to  call  the 
'  complement.' ' 

There  is  conchisive  experimental  evidence  that,  although  the  inter- 
mediary body  unites  first  with  the  cells — bacterial,  blood  cells,  etc. — 
this  substance  by  itself  cannot  bring  about  solution.  But  after  the 
union  of  this  intermediary  body  with  the  cells  the  complement  is  cap- 
able of  being  brought  into  action,  through  this  intermediation,  so  that 
solution  takes  place.  The  union  of  intermediate  body  and  cells  is  con- 
ceived to  take  place  through  certain  combining  (haptophore)  groups 
present  in  the  cells  and  in  the  intermediary  substance;  while  the  com- 
plement is  linked  through  similar  combining  (haptophore)  groups  pos- 
sessed by  the  intermediarj'.  body  and  itself.  The  intermediary  body, 
therefore,  carries  two  sets  of  combining  or  haptophore  groups:  one  for 
the  cells  and  the  other  for  the  complement  (complementophilic  group). 
The  complement  possesses  in  addition  to  such  a  corresponding  hapto- 
phore group,  another  group  which  exhibits  fermentative  properties 
(z3Tnotoxic  or  toxophore  group),  through  the  action  of  which  solution 
of  cells  takes  place. 

This  conception  of  lysis  applies  not  solely  to  that  produced  by  im- 
munization, but  the  same  factors  are  believed  to  be  operative  in  the 
solution  of  blood  cells  or  of  bacteria  by  normal  blood  sera.  Here  also 
an  intermediary  body  and  a  complement  are  brought  into  action:  the 
only  difference  being  that,  in  the  one  case,  the  intermediary  body  is 
produced  throiigh  artificial  immunization,  and  in  the  other,  it  is  pres- 
ent normally,  biit  whether  because  of  some  insidious  and  unperceived 
change,  similar  to  but  slighter  than  artificial  immunization,  is  not 
known. 

It  would  carry  us  too  far  afield  to  give  in  detail  the  elaborate  views 
of  Ehrlich  and  his  co-workers  as  to  the  origin  of  the  intermediary 
bodies.  Suffice  it  to  say  that  they  are  the  products  of  immunization 
by  bacterial  or  other  cells,  and  are  believed  by  them  to  be  yielded  by 
certain  constituents  of  cellular  protoplasm  within  the  body,  designated 
as  'lateral  chains,'  which  through  their  haptophore  groups  are  capable 
of  combining  with  the  haptophore  groups  of  protoplasmic  constituents 
of  the  bacteria  or  the  cells  used  for  the  immunization.  When  dealing 
with  the  toxic  constitution  of  venom  more  will  be  said  concerning  this 
aspect  of  the  subject. 

'  This  body  Is  called  '  alexin  '  by  Bordet,  and  probably  agrees  in  part  with  tlie  body 
of  the  same  name  described  by  Bucbner     Metchnikolf  calls  it  '  cytase.' 
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VENOM- AGGLUTINATION. 

For  the  study  of  agglutination  all  tlie  available  varieties  of  venom 
were  employed.  Several  kinds  of  animal  blood — iVom  the  dog,  rab- 
bit, guinea-pig,  sheep,  ox,  pig,  Nedurus,  and  frog — were  tested. 
Either  the  blood  was  defibrinated  or  the  specimen  consisted  of  the 
corpuscles  separated  by  centrifugalization  and  washed  six  times,  as  a 
rule,  in  0.8,^  normal  saHne  solution  (washed  corpuscles).  The  dif- 
ferent venoms  showed  slight  differences  only  in  the  degree  of  aggluti- 
nation, with  the  excejitions  of  the  action  on  the  blood  of  Nedurus  and 
the  frog,  which  are  not  affected  in  weak  solutions  but  show  agglutina- 
tion in  stronger  solutions  (3^). 

The  usual  method  consisted  in  dissolving  in  normal  saline  solution 
dried  venom  in  strengths  ranging  from  O.Olj^  to  lOj^ — the  last  that 
of  Crotalus  adamanteus.  The  phenomena  of  agglutination  appear 
rapidly  in  favorable  solutions,  while  in  very  weak  solutions  a  delay  of 
some  minutes  up  to  one  hour  may  be  noted.  The  corpuscles  which 
come  together  thus  slowly  do  not  show  the  great  modification  of  shape 
that  is  characteristic  of  those  that  fuse  more  completely  and  quickly. 
In  a  general  way  it  may  be  said  that  the  several  varieties  of  dried 
venom  with  which  we  experimented  gave,  when  employed  in  the 
strength  of  0.5;*,  what  are  to  be  regarded  as  maximal  agglutinations 
for  mammalian  corpuscles.  Active  agglutination  still  takes  place  in 
0.2;*  solutions,  while  weaker  ones  either  produce  no  change  at  all  or 
show  an  imperfect  fusion. 

The  morphological  changes  need  not  be  described  here  as  these 
have  been  fully  dealt  with  by  Mitchell  and  Stewart." 

The  value  of  the  use  of  washed  corpuscles  comes  especially  from 
the  fact  that  the  succession  of  lytic  phenomena  is  eliminated. 
Agglutination,  therefore,  may  be  studied  purely.  For  this  purpose  a 
5^  solution  of  the  corpuscles  in  normal  salt  solution  was  employed. 
That  complete  agglutination  has  no  effect  upon  subsequent  solution 
(lysis)  of  the  corpuscles  will  be  shown  when  treating  of  the  latter 
phenomena.     On  the  other  hand,  distinct  differences  in  susceptibility 
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to  agglutination  have  been  observed.  Of  tbe  mammalian  blood  thus 
far  employed  the  red  corpuscles  of  the  rabbit  may  be  said  to  be  highly 
susceptible,  while  those  of  the  guinea-pig,  dog,  sheep,  swine,  and  ox 
were  less  responsive  in  about  the  order  given. 

The  use  of  defibrinated  blood  permitted  observation  upon  the  suc- 
cession of  phenomena  of  agglutination  and  hfemolysis.  In  general 
it  may  be  said  that  the  first  effect  of  the  venom  is  the  production  of 
agglutination  to  be  followed  by  solution  after  a  variable  interval, 
depending  on  the  kind  and  strength  of  the  venom  and  on  the  tem- 
perature. There  are,  however,  notable  exceptions  in  that  the  range 
of  lytic  activity  of  venoms  is  greater  than  that  of  the  agglutinating 
property.  Very  weak  solutions  of  venom  which  no  longer  cause 
agglutination  may  still  be  capable  of  producing  solution. 

Moreover,  on  account  of  the  action  of  two  sets  of  factors  in  defi- 
brinated blood — one  tending  to  prodiice  agglutination,  and  the  other 
solution  of  the  red  corpuscles — the  degree  of  agglutination  is  here 
less  marked  than  in  the  washed  cells  where  no  lysis  occurs.  This 
difference  is  explained  by  the  fact  that  a  part  of  the  corpuscles  go 
into  solution  before  agglutination  can  take  place;  and  hence  the  ex- 
tent of  precipitation  and  fusion  varies  inversely  with  the  suscepti- 
bility to  lysins.  As  a  consequence,  dog's  corpuscles  which  are  more 
easily  hseraoljsed  by  venom  than  any  others  of  the  animal  bloods 
tested  by  us  show  the  least  degTee  of  agglutination.  The  rapidity 
of  agglutination  in  any  case  is  not  affected  by  ordinary  temperatures. 
Hence  a  low  temperature  (0°  C.)  permits,  even  in  defibrinated  blood, 
the  separation  of  the  phenomena  of  lysis  and  those  of  agglutination. 
At  this  temperature  defibrinated  dog's  blood  behaves  as  do  the  washed 
corpu:-cles,  the  amount  of  precipitation  being,  therefore,  greater  than 
at  the  temperature  of  the  room  or  of  the  thermostat. 

The  agglutinating  power  of  venoms  is  destroyed  by  temperatures 
of  75°  to  80°  C.  maintained  for  thirty  minutes. 

VENOM-HJEMOLYSIS. 

Unless  mention  is  especially  made  the  same  group  of  animals  was 
employed  in  these  studies  as  in  the  foregoing.     Tlie  venom  solutions 
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varied  from  5^  to  0.0001^,  depending  npou  the  soui-ce  of  the  cor- 
puscles and  the  variety  of  venom.  The  venoms  differ  in  hsemolytic 
power  as  follows:  cobra  most  active;  water  mocassin,  copperhead, 
rattlesnake,  in  less  degree  in  the  order  named.  A  similar  variation 
in  susceptibility  to  the  reaction  could  be  distinguished  in  the  different 
mammalian  bloods  employed.  Thus  dog's  blood  was  most  quickly  and 
easily  haemolysed  and  it  responded  to  the  greatest  dilutions,  while 
the  corpuscles  of  the  ox  were  the  least  susceptible.  The  intermediate 
animals  were  in  about  the  following  order:  sheep,  gniinea-pig,  pig, 
and  rabbit.  On  the  other  hand,  the  blood  of  Nedurus  is  acted  upon 
slightly  after  longer  periods,  and  frog's  blood  almost  not  at  all  after 
equally  long  periods. 

The  extent  of  variation  in  the  response  of  the  different  bloods  is 
considerable.  Very  strong  solutions  of  venom  (5^)  are  needed  to 
cause  haemolysis  of  corpuscles  of  the  ox,  but  such  great  strengths  are 
without  action  upon  rabbit's  corpuscles,  although  they  are  still  capable 
of  producing  rapid  solution  of  dog's  or  sheep's  corpuscles.  Taken 
altogether  solutions  averaging  0.2  per  cent  of  venom  have  proven  the 
most  favorable  for  bringing  out  the  hsemolytic  effect  upon  blood 
generally. 

Defihi-inated  Blood. — In  making  the  tests  vrith  defibrinated  blood 
uniform  mixtures  were  employed.  In  all  experiments  5  per  cent  of 
blood  was  added  to  the  venom  solutions,  and  the  mixtures  were  kept 
at  temperatures  varying  from  36°  to  37°  C. 

The  differences  in  activity  of  venoms  are  shown  by  the  following 
series  in  which  minimal  active  solutions  are  given  for  several  kinds 
of  blood. 

Dog's  blood  haemolysed  by  solutions  of  Crotalus  venom  0.001;^;  cop- 
perhead 0.0005^;  water-mocassin  0.0002^;  cobra  0.0001^ 

Sheep's  blood  haemolysed  by  solutions  of  Crotalus  venom  0.002,'^;  cop- 
perhead 0.0005^. 

Guinea-pig's  blood  hsmolysed  by  solutions  of  Crotalus  venom  0.002^; 
copperhead  0.001^. 

Swine's  blood  haemolysed  by  solutions  of  Crotalus  venom  0.002,"^; 
copperhead  0.001^. 
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Babbit's  blood  haemolysed  by  solutions  of  Crofalus  venom  0.005'?; 
copperhead  0.002^. 

Rabbit's  blood  hsemoh'sed  by  solutions  of  water-mocassin  venom 
0.002,^;  cobra  0.001-?^. 

Ox's  blood  haemolysed  by  solutions  of  Crotaliis  venom  O.Oo'?';  copper- 
head 0.02^. 

Effect  of  Heat  upon  Hcemolytic  Power  of  Venoms. — Temperatures 
of  75°  to  80^  C.  for  thirty  minutes  have  no  effect  upon  the  liEemolytic 
action  of  any  kind  of  venom.  From  90°  to  96°  C.  Crotalus  venom 
in  solution  suffers  a  moderate  reduction  in  hsemolytic  power,  while 
the  remaining  venoms  are  entirely  unaffected  at  these  temperatures. 
After  heating  to  100  C.  for  fifteen  minutes  the  dissolving  power  of 
cobra,  mocassin,  and  copperhead  venom  in  solution  is  slightly  reduced. 

Effect  of  Venoms  upon  Washed  Blood-Corpuscles. — In  no  instance 
were  the  washed  blood-corpuscles  haemolysed  by  venom.  Agglutina- 
tion occurs  as  already  described.  But  if  the  separated  serum  is  re- 
stored to  each  of  the  several  kinds  of  blood-corpuscles  treated  with 
venom,  lysis  takes  place. 

Certain  important  differences  may  be  noted.  Thus  if  the  quantity 
of  serum  added  to  rabbit's  corpuscles  exceeds  the  normal,  quicker 
and  more  complete  solution  occurs  than  is  noted  in  defibrinated  blood. 
A  similar  biit  less  striking  action  may  be  observed  with  the  blood  of 
the  guinea-pig.  This  action  depends  upon  the  union  first  effected 
between  the  red  corpuscles  and  the  intermediary  body  of  venom,  the 
latter  later  combining  with  the  introduced  complement  of  the  serum 
so  that  solution  takes  place.  That  this  is  the  mechanism  of  the 
action  the  succeeding  experiments  prove.  But  before  taking  them  up 
another  set  of  phenomena  must  be  briefly  considered. 

Rabbit's  and  guinea-pig's  washed  blood-corpuscles  (hereafter 
termed  washed  corpuscles)  are  quickly  dissolved  by  fresh  dog's  serum. 
Dog's  corpuscles  are  but  little  acted  upon  by  fresh  rabbit's  serum 
and  not  at  all  by  guinea-pig's  serum.  Ral>l)it's  and  guinea-pig's  sera 
arc  about  equally  hsemolytic  for  each  other's  corpuscles.  Necturus' 
serum  is  highly  hjemolytic  for  rabbit's,  dog's,  and  guinea-pig's  cor- 
puscles.    Frog's  serum  is  less  destructive  for  the  mammalian  cor- 
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puscles  mentioned  than  that  of  Necturus,  but  is  still  very  active. 
Nectunis'  serum  and  frog's  serum  are  slightlj  and  equally  active  on 
each  other's  corpuscles. 

This  di.ssolving  action  is  not  noted  at  freezing  tempei-atures.  If, 
therefore,  washed  corpuscles  which  have  been  treated  with  serum  for 
thirty  minutes  at  zero  temperature  are  separated  by  centrifugaliza- 
tion  or  precipitation,  the  complement  in  the  serum  is  unaffected,  while 
the  intermediary  body  will  be  found  to  have  been  removed  from  the 
serum  by  the  corpuscles.  In  this  way  the  complement  for  a  particu- 
lar species  of  corpuscles,  free  from  the  intermediary  body,  can  be 
obtained.  The  addition  of  such  complement-containing  serum  to 
venomized  washed  corpuscles  of  the  same  species  brings  about  htemo- 
lysis,  while  the  addition  of  fresh  washed  corpuscles  to  the  treated 
serum,  from  which  the  intermediary  body  for  them  has  been  removed, 
is  unattended  by  sohition. 

The  action  of  complements,  freed  from  any  intermediary  body  by 
this  means,  upon  venomized  corpuscles  of  different  species  has  also 
been  studied.  The  results  are  of  interest.  The  procedure  is  as  fol- 
lows: Let  us  suppose  that  it  is  desired  to  test  the  effects  of  rabbit's 
scrum  upon  venomized  dog's  corpuscles.  The  rabbit's  serum  is  first 
treated  with  washed  dog's  corpuscles  in  the  cold  to  withdraw  all  com- 
bining intermediary  bodies;  the  clear  serum  having  been  separated  is 
now  added  to  the  venomized  corpuscles,  when  solution  of  a  slow  and 
limited  nature  occurs,  thus  showing  that  there  exists  in  the  dog's 
corpuscles  a  limited  number  of  receptors  capable  when  venomized  of 
uniting  with  rabbit's  complement. 

Controls  for  these  experiments  were  made  in  the  following  man- 
ner: Any  serum  treated  with  alien  cori^uscles  at  zerO'  temperature 
and  then  separated  from  the  corpuscles  by  centrifugalization  has  be- 
come inactive  for  this  kind  of  fresh  washed  corpuscles  (tested  for 
dog's,  guinea-pig's,  rabbit's,  and  Necturus'  corpuscles).  However, 
if  to  the  inactive  mixture  the  same  variety  of  serum  heated  to  58°  C. 
is  added  (tliis  serum  containing  intermediary  body  but  without  com- 
plement) solution  takes  jDlace. 

The  degree  of  interaction  of  different  species  of  sera  minus  inter- 
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mediary  bodies  upon  different  species  of  venomized  washed  corpuscles 
is  shown  by  the  following  series,  in  which  copperhead  venom  is  used 
throughout.  1  cc.  of  0.2^^  solution  of  venom  is  mixed  with  0.05  cc. 
of  washed  corpuscles  and  0.5  cc.  of  complement,  with  these  results: 

Dog's  corpuscles  and  rabbit's  complement  =^  slow  and  imperfect 
hemolysis. 

Dog's  corpuscles  and  guinea-pig's  complement  =  slight  hemolysis, 
more  marked  than  preceding. 

Eabbit's  corpuscles  and  dog's  complement  =  rapid  and  imperfect 
hsemolysis. 

Eabbit's  corpuscles  and  guinea-pig's  complement  =  weak  and  imper- 
fect haemolysis. 

Guinea-pig's  corpuscles  and  dog's  complement  =  rapid  and  imperfect 
hfemolysis. 

Guinea-pig's  corpuscles  and  rabbit's  complement  =  slow  and  imper- 
fect hfpmolysis. 

Dog's  corpuscles  and  Nedurus'  complement  =  slight  and  imperfect 
haemolysis. 

Guinea-pig's  corpuscles  and  Nedurus'  complement  =  no  action. 

Eabbit's  corpuscles  and  Nedurus'  complement  =  no  action. 

Venom  solution  treated  with  dog's,  rabbit's,  and  guinea-pig's 
washed  corpuscles  in  succession  gives  up  to  each  a  part  of  its  inter- 
mediary bodies.  No  one  kind  of  corpuscle  is  capable  of  fixing  the 
entire  content  of  intermediary  bodies.  The  supernatant  fluid  prob- 
ably contains  still  other  intermediary  bodies  capable  of  fixation  by 
still  other  corpuscles.  If  to  the  several  kinds  of  venomized  corpuscles 
here  mentioned  different  complements  are  added,  then,  as  shown  in 
the  foregoing  series,  lysis  will  or  will  not  take  place,  depending  on 
the  nature  of  the  complement  employed;  but  .so  long  as  the  comple- 
ment is  foreign  to  the  corpuscles  it  never  causes  complete  solution. 

From  these  results  the  following  conclusions  are  warranted:  (1) 
Venom  contains  several  or  many  intermediary  bodies.  (2)  These 
bodies  show  specific  affinities  for  certain  complements.  In  addition 
to  this  there  is  evidence  that  the  many  susceptible  corpuscles  contain, 
besides  specific  haptophore  groups  for  intermediai\y  bodies,  certain 
common  haptophore  groups,  which  are  shared,  perhaps,  by  all  vul- 
nerable corpuscles. 
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Combined  Action  of  Tenom  and  Ricin.  Belaiion  of  Agglutination 
and  Hemolysis. — Agglutination  produced  by  venom  does  not  affect 
lysis.  But  on  the  other  hand  when  lysis  takes  place  quickly,  agghi- 
tination  may  fail  or  may  appear  imperfectly.  The  principles  caus- 
ing the  two  phenomena  are  distinct  in  the  manner  of  combination  and 
in  action.  That  the  agglutinative  and  the  lytic  principles  are  differ- 
ent is  now  proven;  and  there  is  evidence  that  they  act  upon  different 
constituents  of  the  red  cells.  Thus,  if  ricin,  a  strong  agglutinator,  is 
permitted  to  act  upon  red  corpuscles  for  periods  under  thirty  min- 
utes, then  upon  the  addition  of  venom  lysis  ensues  in  about  the  aver- 
age time  and  proceeds  normally.  If,  however,  the  ricin  has  acted 
for  two  or  more  hours,  then  solution  by  venom  still  takes  place,  but 
the  stroma  of  the  corpuscles  remains  in  the  bottom  of  the  test-tube  as 
a  white  conglutinated  mass.  From  this  it  appears  that  agglutination 
brings  about  a  kind  of  coagulation  of  tlie  stroma,  from  which,  through 
the  action  of  the  hsemolysin  in  venom,  haemoglobin  has  been  released. 
Ricin  is  without  action  upon  venom  itself,  and  conversely  ricin  is 
equally  unaffected  by  venom. 

VENOM-LEUCOI-YSIS. 

In  the  blood  snake-venom  causes  destruction  of  the  leucocytes  as 
well  as  of  the  red  cells.  In  order  to  ensure  a  more  accurate  study  of 
its  action  upon  the  white  blood-cells,  these  were  obtained  in  larger 
quantities  and  without  admixture  of  red  cells  by  injecting  positively 
chemotactic  substances  into  the  pleural  and  peritoneal  cavities  of  the 
rabbit.  For  this  purpose  cultures  of  B.  megatherium,  killed  by  heat 
were  injected  into  the  pleural  cavity  and  sterile  bouillon  into  the 
peritoneum. 

From  eighteen  to  twenty-four  hours  after  the  introduction  of  B. 
megatherium  into  the  pleural  cavity,  fluid  rich  in  leucocytes  may  be 
withdrawn  by  means  of  capillary  tubes  without  sacrificing  the  animal. 
The  same  procedure  employed  twenty-four  hours  after  the  injection 
of  bouillon  yielded  a  fluid  less  rich  in  leucocytes,  and  consequently 
this  second  method  was  not  extensively  employed. 

The  leucocytes  in  the  fluids  thus  obtained  could  be  separated  ac- 
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cording  to  size  and  granulation  into  Ivmpliocytes  (20  to  25j^  of  the 
total  leucocytes),  iinely  graniilar,  medium-sized  cells  (60^),  larger 
non-granular  cells  (3^),  still  larger  irregular  and  coarsely  granular 
cells  (4^),  and  others  again  somewhat  smaller  but  showing  very  coarse 
granules  (6^).  The  susceptibility  to  the  destructire  effects  of  venom 
varied  somewhat  for  the  different  cells.  Those  of  the  largest  size 
with  coai-se  gramiles  are  most  quickly  affected;  next  to  these  come 
the  finely  granular  varieties,  the  lymphocytes  showing  the  least  in- 
jury of  all. 

In  studying  the  changes  taking  place  in  the  leucocytes  under  the 
influence  of  venom  a  wann  stage  (37°  C.)  was  used,  the  edges  of  the 
cover  glasses  having  first  been  sealed  with  vaseline.  The  venom 
solutions  varied  from  10^'^  to  0.002^.  The  weakest  effective  solution 
was  that  of  cobra  venom  (0.002^),  whereas  in  the  case  of  the  rattle- 
snake and  of  the  mocassin,  0.002$^  and  0.005^  respe3tively,  caused 
definite  changes. 

Only  the  granular  cells  showed  motility.  Weak  active  solutions 
are  without  immediate  effect  on  motion  but  begin  to  manifest  an  in- 
hibiting action  after  about  one  hour,  the  controls  being  still  motile 
at  the  end  of  two  hours  or  longer.  After  the  motility  ceases,  the 
cells  in  general,  except  the  lymphocytes,  show  increased  granulation 
due  to  the  appearance  of  coarser  and  more  numerous  gi-anulcs  in  the 
protoplasm,  the  nuclei  coincidently  becoming  more  distinct.  After 
six  hours  the  majority  of  the  largest  gTanular  cells  have  already  dis- 
integrated, the  nuclei  having  been  liberated.  After  twenty-four 
hours  most  of  tlie  medium-sized  granular  cells  have  suffered  disinte- 
gration, while  the  lymphocj'tes  show  but  slight  and  inconspicuous 
changes.  Stronger  solutions,  varying  from  0.2;^  to  10^1^,  cause  instant 
cessation  of  motility  and  rapid  agglutination  without  distinction  of 
variety  of  cells.  "Within  five  to  thirty  minutes  thereafter  dissolution 
sets  in,  affecting  first  the  largest,  tlicn  niediuni-sizcd  cells,  and  linally 
the  small  lymphocytes. 

There  are  variations  in  the  activities  of  the  several  venoms  and  in 
the  completeness  of  solution  of  the  cells.  TJattlesnake  venom  is  fur 
less  active  than  that  of  the  colira.      Tlm,^  in  '2'r'  solutidiis  cobra  veiumi 
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causes  complete  solution  in  thirtj'  minutes  while  that  of  the  rattle- 
snake requires  two  hours  to  bring  about  the  same  result. 

The  effects  upon  washed  leucocytes  differ  from  those  described  in 
that  venom  solutions  cause  agglutination,  but  with  the  production  of 
only  very  slight  lysis. 

Are  the  Hmmolysins  (Erythrolysins)  Identical  icith  Leucolysins? 
— Copperhead  venom  (1  mg.  in  4:  cc.  of  normal  saline)  was  treated 
with  washed  rabbit's  red  corpuscles  at  the  thermostat  temperature  for 
thirty  miniites,  until  the  supernatant  fluid  after  centrifugalization 
was  without  action  ufjon  defibrinated  rabbit's  blood.  This  solution 
when  brought  into  contact  with  leucocytic  fluid  was  without  agglu- 
tinating action  upon  the  cells  while  still  caiising  their  solution  in 
about  thirty  minutes.  On  the  other  hand,  the  parallel  experiment  in 
which  venom  solution  was  treated  with  washed  leucocytes  yielded  a 
fluid  still  active  for  defibrinated  blood. 

The  conclusions  from  these  experiments  are  as  follows: 

(1)  Venom  contains  principles  which  are  agglutinating  and  dis- 
solving for  white  blood-corpuscles. 

(2)  The  agghitinating  principles  may  be  identical  for  both  white 
and  red  cells. 

(3)  The  dissolving  principle  for  leucocytes  is  distinct  from  that  for 
red  cells. 

(4)  In  order  that  solution  of  venomized  leucocytes  shall  occur  a 
complement-containing  fluid  is  reqiiired. 

(5)  The  several  varieties  of  white  cells  of  the  rabbit's  blood  show 
different  susceptibilities  to  the  action  of  venom. 

VENOM-TOXICITY. 

For  the  study  of  the  toxic  principles  copperhead  venom  was  chiefly 
employed.  The  animal  selected  for  these  experiments  was  the 
guinea-pig.  The  method  of  procedure  was  the  following:  We  first 
detennined  for  the  particular  sample  of  venom  to  be  used  the  min- 
imal lethal  dose.  This  was  found  to  be  0.3  mg.  for  a  guinea-pig 
weighing  from  250  to  300  grammes,  death  resulting  within  24  hours. 
A  dose  of  0.6  mg.  caused  death  in  from  two  to  thvcQ  hours,  and  of 
0.9  mg.  in  from  30  to  45  minutes. 
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Our  special  purpose  was  the  determiBation  of  the  existence  of  neu- 
tralizing substances  for  venom  in  the  tissues  of  the  body.  The  fol- 
loAving  tissues  and  organs  were  employed :  brain,  liver,  spleen,  kidney, 
voluntary  muscle,  adrenal  gland,  and  blood.  For  this  purpose  the 
tissues  were  first  washed  in  tepid,  sterile,  normal  saline  and  a  weighed 
quantity  (2  grammes)  was  taken.  This  was  triturated  in  a  sterile 
mortar  and  mixed  in  test  tubes  with  three  times  the  minimal  lethal 
dose  (M.  L.  D.)  of  venom. 

The  mixture  was  now  placed  in  the  thermostat  where  it  remained 
for  one  hour.  It  was  then  centrifugalized  and  the  supernatant  fluid 
was  injected  into  the  guinea-pig's.  In  the  course  of  the  experiment 
the  original  volume  of  the  venom-solution  suflFered  a  loss  amounting 
on  an  average  to  one-third  of  the  whole  volume.  There  should,  there- 
fore, after  this  subtraction  remain  behind  at  least  t\vice  the  minimal 
lethal  dose  (2  X  M.  L.  D.). 

In  the  case  of  the  blood,  washed  corpuscles  were  employed  in  ex- 
cess, the  other  steps  remaining  the  same  as  in  previous  experiments. 

The  results  of  these  experiments  are  as  follows: 
Control    Dead  in  45  minutes. 


Brain  . .  . 
Blood  ... 
Adrenals 
Spleen  . . 
Liver  .  . . 
Kidney  . 
Muscles    . 


19  hours. 
3  hours  and  50  minutes. 
3  hours  and  35  minutes. 
2  hours  and  10  minutes. 
1  hour  and  30  minutes. 
1  hour  and  55  minutes. 
1  hour  and  30  minutes. 


In  the  next  experiment  2  M.  L.  D.  of  venom  were  employed.  The 
control  died  in  five  hours.  The  animals  receiving  the  venom  solution 
treated  with  the  organs,  etc.,  reacted  as  follows: 

Brain   Survived. 

Blood     Dead  in  28  houjs. 

Liver    "         19  hours. 

Belation  of  Neurotoxic  to  Hcemolytic  Principle. — That  these  two 
principles  are  distinct  is  rendered  probable  by  the  effects  of  washed 
red-corpuscles  and  of  brain  tissue  respectively  upon  the  toxicity  of 
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Tenom.  Blood-corpuscles  remove  little  or  perhaps  none  of  the  toxic 
constituent  that  brain  cells  do  away  with  in  toto.  The  proof  of  dif- 
ference can,  however,  be  brought  in  another  way:  Four  M.  L.  D.  of 
venom  were  treated  with  an  excess  of  red  corpuscles  and  the  super- 
natant fluid  was  injected  into  a  guinea-pig;  death  ensued  in  30  min- 
utes. The  same  quantity  of  venom  having  been  treated  with  four 
grammes  of  brain  emulsion,  the  supernatant  fluid  injected  into  a 
guinea-pig  caused  death  in  48  hours.  The  experiments  in  which  9 
M.  L.  D.  of  venom  were  used  resulted,  (1)  in  the  case  of  the  blood 
in  death  in  25  minutes;  and  (2)  in  the  case  of  the  brain  (7  grammes 
of  brain  having  been  employed)  in  25  hours. 

The  supernatant  fluid  from  the  brain  emulsion  was  strongly  agglu- 
tinating and  hsemolytic  for  defibrinated  blood,  while  that  from  the 
washed  corpuscles  had  lost  all  these  properties.  The  supernatant 
fluid  from  the  brain  emulsion,  when  treated  with  an  excess  of  washed 
corpuscles,  re-centrifugalized  and  the  fluid  then  injected,  is  non-toxic 
for  guinea-pigs. 

These  experiments  show:  (1)  that  the  neurotoxic  and  the  hsemo- 
lytic  principles  are  physiologically  distinct;  (2)  that  while  the  chief 
toxic  constituent  unites  with  the  nerve  cells,  in  multiple  M.  L.  D. 
from  which  the  neurotoxic  principle  has  been  removed  a  quantity  of 
hsemolysin  may  be  contained  sufficient  to  bring  about  fatal  intoxi- 
cation. 

These  results  are  in  keeping  with  the  views  expressed  by  Ehrlich 
and  supported  by  Wassermann  and  Takaki's  experiments  on  the  fixa- 
tive power  of  cells  for  certain  groups  of  toxic  substances.  They  tend, 
therefore,  to  support  the  hypothetical  considerations  of  Ehrlich  on 
which  he  bases  his  well-known  lateral-chain  theory  of  immunity.  Ex- 
pressed in  the  terms  of  this  hypothesis  brain  cells  may  be  said  to 
contain  the  receptors  for  the  neurotoxic  constituent  of  venom,  whereas 
blood  cells  furnish  the  receptors  for  the  hsemolytic  principle;  these 
rece23tors  are  distinct  and  specific,  and  are  not  contained  to  any  con- 
siderable amount,  and  perhaps  not  at  all,  in  the  Hver  and  kidney  cells 
and,  if  at  all,  ia  small  quantity  only  in  adrenal  cells.  Walter  Myers 
found  that  the  adrenal  cortex  posseted  a  very  feeble  combining  power 
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for  cobra  venom,  most  marked  in  mammals  (sheep)  in  wliicli  the 
cortex  of  the  organ  is  well  developed.  He  also  observed  little  effect 
from  the  adrenal  of  the  guinea-pig. 

EFFECTS  OF  VENOM  TTPON  BACTERICIDAL  PROPERTIES  OF  BLOOD   SEBCM." 

The  animals  employed  were  the  dog,  rabbit,  and  Nedunts;  the 
venoms  belonged  to  the  cobra,  moccasin,  copperhead,  and  rattlesnake, 
and  the  bacteria  were  B.  tiiphi,  B.  coli,  and  B.  anthracis.  The 
method  consisted  in  (1)  introducing  venom  into  the  animal  and  draw- 
ing the  blood  from  the  femoral  artery  into  sterile  Xuttall  bulbs;  (2) 
permitting  the  blood  from  the  normal  animals  to  enter  Nuttall  bulbs 
in  which  the  venom  solution  was  contained:  (3)  admixture  of  the 
venom  in  sterile  solution  (heated  for  i  days  to  56°-60°  C.)  with  sepa- 
rated serum. 

The  bactericidal  effects  of  the  normal  sera  were  first  established. 
Kabbit's  serum  is  highly  destructive  for  B.  typhi  and  B.  anthracis  and 
least  for  B.  coli.  Dog's  senim  is  highly  destructive  for  B.  typhi. 
Necturus'  serum  is  also  very  destinictive  to  B.  typhi  and  B.  coli. 
It  is  ^vithout  marked  effect  on  B.  anthracis. 

Srrum  Tenomized  in  vivo. — Cobra  venom  was  most  active.  Blood 
from  rabbits  which  had  received  10  mg.,  taken  57  minutes  after  the 
injection,  showed  great  loss  of  bactericidal  properties. 

Experiment  LXXI. — 1  cc.  venomized  serum  employed. 


B.  anthracis 

B.  coli 

B.  typhi 

Immediate 

1841 

4254 

7153 

After  1  hour 

767 

3125 

4130 

"      3  hours 

2488 

13460 

4320 

«       6       « 

Innumerable 

Innumerable 

17280 

"    24       " 

" 

" 

Innumerable 

The  controls  for  this  exix?riment  showed  complete  destruction  of 
all  bacteria,  or,  as  in  a  few  experiments,  of  all  except  B.  coli,  which 

"In  order  to  determiue  wliether  any  effect  is  produced  on  the  trrowth  of  biicteria 
by  the  presence  of  venom  in  culture  media,  varyinir  small  quantities  of  venom  were 
added  to  nutrient  aiiar-agar.  The  bacteria — B.  anthradg,  B.  eoli,  and  B.  typhi — (rrown 
upon  these  tubes  nnderwent  rapid  involutions  and  exhibited  marked  plasmolysis.  as 
compared  with  control  tubes  of  the  same  organism. 
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showed  considerable  diminution  until  after  six  hours  when  increase 
began. 

Experiment  LXX. — 30  nig.  rattlesnake  venom  injected;  blood  taken 
after  45  minutes.     1  cc.  venomized  serum  employed. 

B.  anthracis  B.  coli                         B.  typhi 

Immediate                      838  9940                             5750 

1  hour                          756  6240                             3654 

3  hours                       2930  Increase                          6219 

6       "                       Increase  Innumerable  About  10000 

24       "                   Innumerable  lunumerable               Innumerable 

Blood  mixed  with  Venom  in  vitro. — In  this  series  rabbits  only 
were  employed.  The  venom  solutions  were  placed  in  iSJ^uttall's  bulbs 
and  the  blood  from  the  femoral  artery  was  permitted  to  stream  into 
them.  In  each  experiment  6  nig.  of  yenom  were  mixed  with  20  to 
30  cc.  of  blood.  Coagulation  was  very  slo^w  or  completely  inhibited 
and  the  serum  was  obtained  when  necessary  by  centrifugalization. 
It  inyariably  contained  haemoglobin. 

Experiment  LXXIII. — 1  cc.  of  venomized  serum  employed. 

B.  anthracis  B.  coli  B.  typhi 


Immediate 

1644 

4580 

4085 

1  hour 

2080 

10760 

4870 

3  hours 

18930 

149740 

24730 

6       " 

Innumerable 

Innumerable 

Innumerable 

Experimen 

!/  LXXII. — 1  cc.  venomized  serimi  en 

iiplo} 

•ed 

B.  anthracis 

B.  coli 

B.  typhi 

Immediate 

736 

3720 

1275 

1  hour 

407 

2340 

920 

3  hours 

860 

22210 

8720 

6       " 

5220 

Innumerable 

Innumerable 

24       " 

Innumerable 

This  series  of  experiments  may  be  open  to  the  criticism  that  the 
increased  nutritive  value  of  the  serum  because  of  the  hsemoglobin 
present  may  have  been  the  cause  of  the  effects  noted;  as  a  control, 
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therefore,  peptone  was  added  to  the  serum  in  the  proportion  of  6  rug. 
of  peptone  to  20  cc.  of  serum. 

Experiment  LXXX. — Peptone  added  to  rabbifs  blood:   1  cc.  em- 
ployed. 


B. 

anthracis 

B.  coli 

B.  typhi 

Immediate 

1043 

5120 

7430 

1  hour 

193 

2240 

1534 

3  hours 

87 

578 

71 

6       " 

23 

520 

262 

24       " 

0 

Innumerable 

About 

20000 

From  this  experiment  it  follows  that  improvement  in  nutritive 
value  reduces  bactericidal  effect  but  in  far  less  amount  than  is  noted 
in  the  parallel  case  of  venom. 

That  the  nutritive  change  is  unimportant  is  shown  by  the  first  ex- 
periments, in  which  the  poisoning  was  done  in  vivo  and  also  by  those 
to  follow  in  which  venom  was  added  directly  to  the  separated  seriim. 


Experiment  LXXZF.— Eabbit's 

senmi  1  cc. 

■nrith  rattlesnake  venom 

1  mg. 

B.  anthracis 

B.  coli 

B.  typhi 

Immediate 

745 

3990 

5430 

1  hour 

594 

4667 

3136 

3  hours 

4486 

12120 

43430 

6       " 

About  100000 

Innumerable 

About  200000 

24       " 

Innumerable 

Innumerable 

Experiment  LXXXII. — Dog's  serum  1  cc.  with  copperhead  venom. 
Venom  6  mg.  Venom  1  mg.       Control;  norm.  ser. 


B.  typhi 

B.  typhi 

B.  typhi 

Immediate 

8860 

3572 

5808 

1  hour 

21120 

6525 

584 

3  hours 

65250 

14950 

184 

6       " 

Innumerable 

Innumerable 

92 

24      " 

0 

In  order  to  determine  the  least  quantity  of  venom  required  to  re- 
move the  bactericidal  properties  of  the  senmi  var^^ng  quantities  of 
copperhead  venom  were  employed.  Dog's  soinim  was  chosen  with 
B.  typhi.     In  each  case  1  cc.  of  serum  was  used. 
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Experiment  LXXXVII  (a). — 1  cc.  dog's  serum  and  varying  amounts 
of  copperhead  venom. 

Venom  1/3  mg.  1/5  mg.  1/10  mg.  1/20  mg.  1/50  mg. 

Immediate       5970               3070  4290               4940  3350 

1  hour           6240               3960  1830               2620  920 

3  hours        12810  10000  6730               1350  593 

6         "         Innnmerable        100000  13140  172  15 

24        "  Innumerable    Innumerable  About  10000  0 

From  this  it  may  be  concluded  that  the  specimen  of  venom  em- 
ployed by  us  destroys  the  bactericidal  properties  of  dog's  serum  when 
added  in  the  proportion  of  1/20  mg.  of  venom  to  1  cc.  of  serum;  and 
that  1/50  mg.  in  the  same  quantity  of  serum  is  practically  without 
action. 

In  view  of  these  positive  results  the  partial  inaction  of  venom  \ipon 
Nedurus  serum  is  both  remarkable  and  important. 

Experiment  CI  I. — 1  cc.  Nedurus  serum  employed. 

B.  anthracis  B.  coli  B.  typhi 

Immediate                    4215  5127  8350 

1  hour                        6950  453  233 

3  hours                     18340  84  12 

6       "                        50170  4  0 

24       "                   Innumerable  0 

Experiment  CHI. — Same  as  above  and  copperhead  venom  6  mg. 

B.  coli  B.  typhi 

Immediate                    5237  3846 

1  hour                          615  394 

3  hours                           95  11 

6       "                            180  2 

24       "                           2950  3105 

Control:  Necturus  serum  1  cc.  +  peptone  G  mg. 

B.  coli  B.  typhi 

Immediate  9270  4530 

1  hour  3810  577 

3  hours  632  92 

6   "  78  2 

24   "  1850  927 
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Experiment  CIV. — Xectunis  senim  1  cc.  +  copperhead  venom  1  mg. 

B.  coli  B.  typhi 

Immediate                    6240  7360 

1  hour                         1170  833 

3  hours                         583  96 

6       "                               25  13 

24       "                                 0  0 

It  may  be  remarked  that  Xecturus  is  highly  refractory  to  venom. 
An  animal  weighing  250  grammes  received  withoiit  effect  O.Oo  grm. 
venom,  equivalent  to  160  M.  L.  D.  for  the  guinea-pig. 

The  effect  of  heat  upon  venom  in  relation  to  its  action  upon  the 
bactericidal  properties  is  of  interest.  For  this  purpose  cobra,  rattle- 
snake, moccasin,  and  copperhead  venoms  were  studied.  Tempera- 
tures varying  from  75°  to  90°  C.  were  employed,  and  the  heated 
venoms  were  mixed  with  the  streaming  blood  in  Xuttall's  bulbs  and 
with  the  separated  serum.  The  venom  was  kept  at  the  lower  tem- 
perature (75°)  for  30  and  the  higher  (90°)  for  15  minutes. 

The  heated  venom  acts  just  as  the  unheated  except  in  the  case  of 
rattlesnake  venom,  the  effect  of  which  is  somewhat  diminished  at  the 
higher  temperature,  90°  C. 

The  Mechanism  of  the  Action  of  Venom  upon  Serum. — That  the 
bactericidal  action  of  .serum  depends  upon  tlie  intermediary  body  and 
complement  seems  established.  That  the  influence  of  venom  upon 
this  property  does  not  depend  upon  changes  in  the  nutritive  value 
of  the  serum  the  foregoing  experiments  jjrovc  conclusively.  It  is 
therefore  possible  that  venom  acts  injuriously  upon  the  intermediary 
body  or  the  complement  or  upon  both  bodies  at  the  same  time.  The 
complement  is  destroyed  by  heating  serum  to  56°-5S°  C. — a  tem- 
perature which  does  not  affect  the  intcnacdiary  l)ody. 

Experiment  XCVIIl. — To  test  ellVct  of  venom  on  the  intermediary 
body. 

(1)  Copperhead  venom  1/20  mg.;  rabbit's  serum  1  cc,  and  ral)bit's 
serum  heated  to  58°  C,  1  cc.  (2)  Control;  rabbit's  serum  lieated  to 
56°  C. 
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(1) 
B.  typhi 

(2)   _ 
B.  typhi 

mmediate 

4990 

5320 

1  hour 

5800 

7800 

3  hours 
6       " 

18840 
Innumerable 

12400 
Innumerable 

Experiment  XCIX. — To  test  effect  on  the  intermediary  body. 
(1)  Copperhead  venom  1/10  mg.;  dog's  serum  1  ce.;  dog's  serum 
heated  to  56°,  1  cc.     (2)  Control;  serum  heated  to  56°  C. 


(1) 
B.  typhi 

(2) 
B.  typhi 

immediate 

2270 

3440 

1  hour 

2680 

3950 

3  hours 
G       " 

71950 
Innumerable 

12800 
Innimierable 

From  these  experiments  the  conclusion  can  be  drawn  that  venom 
is  without  action  upon  the  inteiinediary  body  contained  in  dog's  and 
rabbit's  serum. 

The  next  experiment  was  to  determine  whether  any  action  was  ex- 
erted by  venom  upon  the  complements  of  these  sera.  For  the  pur- 
pose of  obtaining  the  serum-complement  free  from  the  intermediary 
body,  the  rabbit  was  treated  -n-ith  dog's  serum  heated  to  56°  C. 
In  this  way  the  anti-intermediary-body  was  obtained,  which,  when 
heated  to  56°  C.  (to  remove  rabbit's  complement)  and  added  to  fresh 
dog's  serum  neutralized  the  action  of  the  latter  upon  rabbit's  cor- 
puscles. From  this  it  could  be  concluded  that  the  intermediary  body 
of  the  dog's  serum  was  neutralized  by  the  anti-intermediary-body  con- 
tained in  the  imnnmized  rabbit's  serum,  leaving  behind  the  pui-e 
dog's  complement  in  the  fluid. 

Experiment  XCIX  (a). — Action  on  complement. 

(1)  Fresh  dog's  serum  1  cc,  and  copperhead  venom  1/10  mg.,  and 
dog's  complement  1  cc."  (2)  Control,  dog's  serum  1  cc,  and  1/10  mg. 
venom. 

^'  To  obtain  these  complements  fresh  dog's  or  rabbit's  serum  was  treated  with  rab- 
bit's or  guinea-pig's  serum  containing  the  anti-intermediary-body  which  was  heated 
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(1) 

(2) 

B.  typhi 

B.  typhi 

Immediate 

5270 

4360 

1  hour 

930 

5980 

3  hours 

28 

25410 

6       " 

15 

Innumerable 

24       " 

0 

A  similar  experiment  in  -svhich  anti-iutermediary-body  for  rabbit's 
serum  was  produced  in  the  guinea-pig  gave  practically  identical  re- 
sults except  that  when  1/10  mg.  of  venom  was  employed  the  neutral- 
izing effect  of  this  quantity  on  the  complement  was  also  exerted  upon 
the  second  quantity  of  complement  added. 

Experiment  XCVIII  (a). — Copperhead  venom;  fresh  rabbit's  serum 
1  cc,  and  rabbit's  complement  1  cc. 


B.  typhi 

B.  typhi 

1/10  mg.  venom 

1/5 

!0  mg.  venom 

Immediate 

4590 

3280 

1  hour 

3740 

1360 

3  hours 

1850 

730 

6       " 

4900 

110 

24       " 

Innumerable 

0 

From  the  experiments  \inder  the  present  heading  the  following 
conclusions  are  warranted : 

(1)  All  venoms  when  used  in  suitable  quantities  destroy  the  bac- 
tericidal properties  of  many  normal  blood  sera. 

(2)  The  manner  of  this  destruction  consists  in  the  fixation  of  the 
serum-complements  by  the  venoms. 

(3)  Venoms  have  no  action  upon  the  intermediary  bodies  of  serum. 

(4)  If  the  venom  is  incapable  of  uniting  \vith  the  serum-comjile- 
ments  (Nedurus)  then  the  original  bactericidal  properties  remain 
unaffected  by  the  presence  of  the  venom. 

EFFECTS    OF    ANTIVENIN   ON   HEMOLYSIS  AND   BACJTERIOLYSrS. 

Through  the  kindness  of  Dr.  McFarland  we  secured  a  small  vial 
of  Calmette's  antivenin.     This  was  used  to  test  the  restraining  action 
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upon  Tenom  haemolysis  and  venom  anti-bacteriolysis.  The  antivenin 
was  first  proven  to  he  non-hsemolytic  for  rabhit's  corpuscles  and  to 
improve  slightly  the  nutritive  value  of  fresh  rabbit's  serum. 

Erythrolysis  by  cobra  venom  on  rabbit's  corpuscles  is  prevented  if 
neutralization  by  antivenin  is  effected.  Thus  2  mg.  of  venom  +  1  cc. 
of  antivenin  is  still  lytic  although  action  is  retarded;  1.5  mg.  of 
venom  -I- 1  cc.  of  antivenin  caused  slight  haemolysis  after  24  hours, 
while  1  mg.  + 1  cc.  was  without  action. 

In  the  case  of  rattlesnake  venom  1  cc.  of  antivenin  neutralized  3 
mg.  of  the  poison. 

Leucolysis  was  affected  in  approximately  the  same  degree  as  in  the 
case  of  erythrolysis. 

The  effect  on  bacteriolysis  is  equally  marked.  When  cobra  or 
rattlesnake  venom  is  treated  with  a  neutralizing  quantity  of  antivenin 
and  fresh  serum  is  added  the  resulting  fluid  behaves  in  a  manner  sim- 
ilar to  that  of  the  control  mixture  of  normal  fresh  serum  and  anti- 
venin. 

Antivenin,  therefore,  neutralizes  venom  and  removes  both  the 
hsemolvtic  and  the  anti-bacteriolvtic  actions. 


ON    A    COCCIDIUM     (KLOSSIELLA     MUBLS,    GEN.     ET 

SPEC.  NOV.)  PARASITIC  IN  THE  RENAL 

EPITHELIUM  OF  THE  MOUSE. 

By  THEOBALD  SMITH,  M.  D.,  and  HERBERT  P.   JOHNSON,   Ph.  D. 

{Frotii    the    Laboratory   of    Coniparatire    Pathology,    Medical    Jjepartinent    of   Harvard 
University). 

Plates  XXI-XXIII. 

In  1889  one  of  us'  published  a  preliminary  description  of  a  poly- 
sporous  coccidium  found  in  the  epithelium  of  the  convoluted  tubules 
of  the  mouse's  kidney.  Several  stages  of  the  j^arasite  were  seen  but 
the  scantiness  of  the  material  left  many  gaps  in  the  life-cycle.  During 
investigations  recently  made  to  determine  the  mode  of  transmission 
of  the  Sarcosporidium  of  the  mouse  one  of  us "  found  a  considerable 
number  of  gray  mice,  caught  in  the  animal  room  connected  with  this 
laboratory,  whose  kidneys  were  abundantly  invaded  by  this  coc- 
cidium. This  favorable  opjDortimity  of  examining  more  thoroughly 
into  the  life-history  of  this  sporozoon  was  utilized,  and,  as  a  result, 
we  are  able  to  add  materially  to  the  knowledge  of  this  cell  parasite. 
In  the  following  pages  some  details  given  in  the  first  paper  will  be 
repeated  to  avoid  obscurity  in  the  descriptions  as  well  as  to  aid  those 
to  whom  the  first  paper  is  inaccessible. 

Thus  far  we  have  foimd  only  adult  mice  infected.  The  invaded 
kidneys  are  a  trifle  enlarged  and  the  surface  is  faintly  uneven.  The 
most  characteristic  feature  is  a  very  delicate  mottlivig  of  tlie  whole 
surface  with  minute,  barely  visible,  grayish  specks.  This  ajDpearance 
of  the  kidneys  may  be  considered  almost  diagnostic  of  the  presence 
of  the  parasite. 

•  Smith.      Jonrnal  of  Comparative  Medicine  and  Surgery,  ISSO,  x,  ii.  'Jll. 
■■^Smitb.      Journal  of  Experimental  Medicine,  1901,  vi,  p.  1. 
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To  study  the  parasite  in  tie  fresh  state  a  bit  of  the  cortex  is  teased 
in  physiological  salt  solution  on  a  slide  and  gently  spread  by  pressure 
on  the  cover-glass.  This  simple  procedure  enables  us  to  gain  an 
insight  into  that  portion  of  the  life-cycle  of  Klossiella  through 
which  it  passes  in  the  renal  tubules,  for,  as  a  rule,  all  stages  are  present 
in  the  same  heavily-infected  kidney.  Even  the  nuclei  can  be  made 
visible  by  treatment  with  aceto-methyl  green.'  Schneider's  aceto- 
carmine  has  been  found  less  satisfactory  as  a  nuclear  stain  for  fresh 
material.  Kidneys  intended  for  sectioning  were  halved  lengthwise, 
fixed  and  hardened  in  Zenier's  fluid  for  24  hours,  washed  in  running 
water  for  the  same  period,  and  then  passed  through  50  and  70  to 
95  per  cent  alcohol.  Other  fixing  agents  were  tried  (Flemming's 
fluid,  aceto-sublimate,  and  picro-acetic),  but  they  possessed  no  advan- 
tages over  Zenker's  fluid.  The  tissue  was  embedded  in  paraffine, 
melting  at  51°-53°  C,  and  cut  in  ribbons.  Sections  as  thick  as 
10-15  n  were  occasionally  useful,  as  each  section  included  more  of 
the  parasite,  which,  owing  to  its  minuteness,  is  not  easily  studied  in 
serial  sections. 

The  most  useful  stains  have  been  ferric-alum  lifcmatoxyliu  and 
Mayer's  haematate  of  ammonia  (hsemalum),  the  latter  used  alone  or 
followed  by  Van  Gieson's  picro-acid  fuchsin.  The  latter,  however, 
can  only  be  used  after  prolonged  staining  with  the  haemahim,  other- 
wise it  will  completely  mask  the  nuclear  stain.  Fine  results  are 
obtained  by  staining  witli  eosin  followed  by  Unna's  polychrome 
methylene  blue.  Ferric-alum  hsematoxylin  gives  by  far  the  clearest 
and  sharpest  picture  of  any  stain,  but  cei-tain  delicate  differentiations 
of  the  cytoplasm  are  best  brought  out  by  prolonged  staining  (24  hours 
or  longer)  with  hsemalum  followed  by  picro-acid  fuchsin. 

THE  DEVELOPMENTAL  STAGES  OF  KLOSHIELhA  MVRI8. 
An  adequate  description  of  the  various  stages  found  in  the  kidney 
will  necessitate  a  certain  order  beginning  with  the  earliest  singe  we 
have  seen.     Before  proceeding  to  sucli  a  detailed  account  it  may  be 
well  to  summarize  very  briefly  the  life-cycle  as  we  now  know  it. 

»  Glacial  acetic,  .5  i>ts.,  distilled  water  '.15  [its.,  metliyl  green  to  satiinitioii. 
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The  youngest  parasite  is  a  minute  nucleated  cell  (sporont)  found 
within  the  cytoplasm  of  the  epithelial  cells  of  the  convoluted  tubules. 
This  cell  enlarges,  the  nucleus  divides  into  12  or  more  daughter-nuclei 
which  are  next  found  near  the  now  slightly-lobed  or  mammillated 
periphery  of  the  parasite  (mother-sporoblast).  The  cytoplasm  now 
separates  into  12  or  more  spheres  with  each  nucleus  as  a  centre  (sporo- 
blast  stage).  These  spheres  secrete  a  membrane  (spore  stage),  and  the 
contents  of  each  spore  break  up  into  about  30  nucleated,  falciform 
bodies  (sporozoites).  Each  parasite  thus  produces  in  the  kidney  at 
least  360  individuals.  In  severe  infections  the  convoluted  tubules 
are  frequently  foimd  blocked  with  these  spores.  The  sporozoites  are 
not  set  free  in  the  kidneys,  as  intact  spores  are  found  in  the  bladder. 
The  further  life-history  of  this  parasite  remains  conjectural,  although 
it  is  highly  probable  that  the  spores  enter  the  body  with  the  food  and 
that  the  sporozoites  are  set  free  in  the  digestive  tract. 

To  this  cycle  must  be  added  another  body  of  different  morphology, 
which  is  parasitic  in  the  epithelium  of  Bowman's  capsule  and  whose 
significance  will  be  discussed  later  on. 

A.    THE   PAEASITE  OF  THE  COTfVOLUTED  TUBULES    (SPOEOGONIC   CYCLe). 

1.  The  earliest  stage  (sporont). — In  fresh  teased  tissue  the  invaded 
cells  frequently  become  detached  and  in  these  the  sporonts  are  best 
studied.  The  host  cell  is  enlarged,  pear^haped,  and  the  parasite  lies 
within  it,  not  in  contact  with  the  cytoplasm,  but  in  a  vacuole  (Plate 
XXII,  Fig.  3).  Not  infrequently  2  sporonts  are  contained  va.  the 
same  cell;  each  then  lies  within  its  own  vacuole  (Plate  XXII,  Fig.  5). 
The  sporont  measures  8  //  to  11.5  //  in  diameter. 

A  very  striking  feature  of  the  sporont  is  the  storage  of  reserve 
food  material  in  the  form  of  spherical,  highly  refractive  granules,  to 
the  nimaber  of  10  to  20  (Plate  XXII,  Figs.  3  and  4).  These  are 
usually  accompanied  by  smaller  granules  of  the  same  optical  appear- 
ance and  chemical  properties  (Plate  XXII,  Fig.  4).  The  large  gran- 
ules measure  1.5  //  in  diameter,  the  smaller,  1  ,m  or  less.  The  former 
disappear  at  or  towards  the  close  of  the  sporont  stage;  the  latter  per- 
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sist  and  even  increase  in  number  long  after  the  danghter-sporoblasts 
are  formed  (Plate  XXIII,  Fig.  14),  but  there  is  no  indication  that  the 
larger  granules  break  up  to  form  the  small  ones.  The  granules  of 
both  sorts  are  doubtless  of  a  proteid  nature  and  come  imder  the  head 
of  "  plastin  granules  "  described  by  various  students  of  the  Sporozoa. 
They  are  highly  resistant  toward  all  the  chemical  agents  with  which 
we  have  tested  them.  It  is  in  fact  possible  with  strong  mineral  acids 
and  alkalies  to  dissolve  all  the  rest  of  the  cell  and  still  leave  the 
granules  intact.  The  large  granules  stain  a  vivid  yellowish-green 
with  aceto-methyl  green;  the  smaller  granules  remain  unstained. 
Schneider's  aceto-carmine  fails  to  stain  eitlier  kind  of  granule. 
Iodine  in  a  solution  of  potassium  iodide  gives  them  a  yellowish  tint, 
which  remains  imchanged  on  the  addition  of  dilute  sulphuric  acid. 
They  are  not  blackened  by  osmic  acid,  and  are  not  dissolved  by  abso- 
lute alcohol.  We  conclude  that  they  are  neither  of  a  starchy  nor  of  a 
fatty  natiire  but  a  highly  resistant  proteid,  such  as  is  known  to  occur 
widely  among  Sporozca.' 

In  fixed  and  stained  preparations  the  shrinkage  has  usually  obliter- 
ated the  vacuole  in  which  the  sporont  lies.  The  latter  appears  as  if 
embedded  in  the  cytoplasm  of  the  host  (Plate  XXII,  Figs.  5  and  7). 
Concerning  the  mode  of  invasion  of  the  host  cell  by  the  sporozoite  we 
are  unable  to  give  any  facts.  The  parasite,  when  first  seen,  was 
already  spherical  in  form  and  7  u  in  diameter.  At  this  stage  the 
invaded  cells  are  considerably  increased  in  size  and  have  assumed  the 
characteristic  flask  shape  (Plate  XXII,  Fig.  7),  with  the  parasite  near 
the  broad  distal  end  of  the  flask.  As  the  parasite  grows  the  host  cell 
must  continue  to  grow.  It  protrudes  far  into  the  lumen  of  the  tubule, 
almost  occluding  it,  and  it  may  even  cause  a  local  enlargement  of  the 
lumen  (Plate  XXII,  Fig.  7).  The  peduncle  by  which  the  cell  main- 
tains its  attachment  to  the  basement  membrane  and  through  which  it 
derives  nourishment  becomes  more  and  more  slender  and  assumes  a 
very  characteristic  granular  appearance  (Plate  XXII,  Fig.  7,  and 
Plate  XXIII,  Fig.  1-3).     Tliis  portion  stains  darkly  vnth  hsematoxylin 

''Btitscbli,  Protozoa.     Bronn's  Thierreicli,  I,  Abth.   1,  p.  .517,  Leipzig  and  Heidel- 
berg, 1882.     Wasielewski,  Sporozoenkunde,  1896,  p.  ."jl. 
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and  picro-acid  fuchsin.  The  cell  mielens  becomes  more  and  more 
flattened,  oAving  to  the  pressure  of  the  parasite,  and  is  displaced  to 
one  side  (Plate  XXII,  Figs.  7,  10,  11,  and  Plate  XXIII,  Figs.  13, 
14).  Sometimes  it  is  moulded  cup-like  upon  the  siirface  of  the  spor- 
ont  (Plate  XXII,  Fig  7,  infected  cell  on  the  right);  sometimes  it 
appears  shrunken  or  entirely  flattened  by  the  pressure  of  the  sporont 
(Plate  XXII,  Fig.  7,  infected  cell  on  the  left). 

The  nucleus  of  the  young  sporont  is  generally  eccentric  in  position 
(Plate  XXII,  Figs.  3,  7)  and  contains  one  or  two  highly-refractive, 
deeply-staining  karyosomes.  Usually  at  this  stage  and  later  a  clear, 
non-staining  area  (karyolymph)  surrounds  the  karyosome  and  the 
chromatic  mass  within  or  on  the  edge  of  which  the  karyosome  lies. 
The  nucleus  may  undergo  a  precocious  division  and  the  daughter- 
nuclei  distribute  themselves  near  the  periphery  of  the  sporont  (Plate 
XXII,  Fig.  5).  This  arrangement  is  seen  much  more  clearly  in  the 
mother-sporoblast  stage  (Plate  XXII,  Figs.  6  and  7),  and  is  obviously 
the  precursor  of  the  formation  of  daughter-sporoblasts. 

2.  Tlie  formation  of  spo7-es  (stage  of  mother-sporoblast  and  sporo- 
blast). — In  the  mother-sporoblast  stage  the  parasite  has  increased 
much  in  size,  measuring  40 /-/in  diameter  in  the  fresh  condition.  At 
this  stage  there  are  sometimes  2  to  4  karyosomes  in  each  nucleus, 
indicating  a  precocious  segmentation  of  chromatic  material  prepara- 
tory to  the  formation  of  sporozodtes  (Plate  XXII,  Figs.  6  and  7). 

The  nucleus  is  now  in  the  most  favorable  condition  for  study,  but 
on  account  of  its  minuteness  we  have  learned  very  little  about  it. 
Figs.  8  and  9  (Plate  XXII)  represent  the  usual  conditions  met  witb. 
The  nucleiis  may  be  defined  as  a  vesicle  filled  with  clear  fluid  within 
which  are  the  chromatin  mass  and  one  or  sometimes  two  kai-yosomes. 
Sometimes  karyosomes  only  are  seen  (Plate  XXII,  Fig.  9).  "When 
there  are  two,  one  is  usually  much  smaller  than  the  other,  and  stains 
darker.  ISTot  the  slightest  indication  of  mitotic  phenomena  has  been 
seen.  The  vesicular  structure  of  the  nucleus  is  not  retained  appar- 
ently beyond  the  mother-sporoblast  stage.  In  all  later  stages  we 
have  found  merely  one  or  more  round,  intensely-staining  bodies  to  all 
appearances  identical  with  the  karyosomes  of  earlier  stages. 
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The  mother-sporoblast  stage  is  marked  by  a  migration  of  the  nuclei 
to  the  periphery.  They  are  usually  spaced  more  evenly  than  Fig.  6 
(Plate  XXII)  would  seem  to  indicate.  At  this  stage  there  are  often 
2  to  4  karyosomes  in  each  nucleus  (Plate  XXH,  Pigs.  6  and  7).  The 
cytoplasm  surrounding  each  nucleus  begins  to  be  segmented  off  from 
the  rest  and  forms  a  boss  on  the  surface  of  the  mother-sporoblast 
(Plate  XXn,  Fig.  10).  For  a  brief  period  the  daughter-sporoblasts 
are  arranged  in  the  form  of  a  rosette  (Fig.  1,  lower  left-hand  corner). 
This  is  due  to  the  centrifugal  mode  of  development  of  the  daughter- 
sporoblasts,  as  clearly  shown  in  the  figures  just  mentioned.  They 
appear  to  bud  out  from  the  central  mass,  now  entirely  devoid  of 
nuclei,  and  then  rapidly  to  resorb  the  greater  portion  of  the  mass  in 
question  while  their  peduncles  of  attachment  become  reduced.  One 
or  two  residual  masses  of  angular  form  are  often  seen  at  a  later  stage, 
wedged  in  among  the  brood  of  daughter-sporoblasts.  In  other  cases 
there  appears  to  be  no  restiform  body  and  our  conclusion  is  that  it  has 
been  entirely  resorbed  by  the  daughter-sporoblasts.  The  latter,  to 
the  number  of  6  to  14,  rarely  more,  are  soon  entirely  separate  and 
free  within  the  vaciiole  (Plate  XXlli,  Figs.  13  and  14).  They  are 
nearly  spherical  in  shape  and  average  12  u  in  diameter,  although 
smaller  and  possibly  abortive  ones  are  often  found  in  the  vacuole 
or  cyst. 

At  this  stage  the  host  cell  still  maintains  its  attachment  to  the  base- 
ment membrane  by  means  of  the  much-attenuated  peduncle.  It 
nearly  occludes  the  lumen  of  the  tubule  (Plate  XXIII,  Fig.  13).  Its 
cytoplasm  has  been  reduced  to  a  mere  shell  enclosing  the  vacuole. 
The  nucleus  still  persists. 

3.  The  formation  of  sporozoites.- — The  nucleus  of  each  daughter- 
sporoblast  undergoes  repeated  divisions  and  these  nuclear  divisions 
are  foreshadowed  by  divisions  of  the  karyosomes  at  a  stage  consid- 
erably in  advance  of  the  formation  of  the  sporoblasts  themselves. 
These  precocious  divisions  as  well  as  those  which  come  after  the 
formation  of  the  daughter-sporoblasts  (Plate  XXIIT,  Fig.  15)  are  pre- 
paratory to  the  elaboration  of  the  sporozoites.  These,  to  the  number 
of  30  to  35,  are  so  packed  in  the  spore  that  most  of  them  lie  with  their 
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long  axes  in  one  direction.  The  short  axis  of  the  spore  is  parallel  to 
the  long  axis  of  the  sporozoites  (Plate  XXIII,  Figs.  16  and  17).  In 
the  fresh  condition  a  ripe  spore  averages  16//  by  13/a  A  transverse 
optical  section  (Plate  XXIII,  Fig.  18)  shows  that  the  sporozoites  oc- 
cnpx  very  nearly  all  the  space  within  the  cyst.  At  an  earlier  stage 
than,  that  represented  in  Fig.  IS  a  restiform  body  is  seen  within  the 
spore.  Before  the  spores  are  fully  formed  they  may  be  seen  attached 
to  this  body  by  one  extremity  (Plate  XXIII,  Fig.  17).  It  is  probably 
entirely  resorbed  by  the  sporozoites. 

The  sporozoites  are  rather  strongly  curved  and  are  blunt  at  both 
ends  (Plate  XXIII,  Fig.  19).  They  measure  7  //  in  a  straight  line 
from  tip  to  tip  and  3//  in  thickness.  The  nucleus  is  located  midway 
of  the  length  and  is  frequently  elongated  (Plate  XXIII,  Fig.  16).  lu 
the  fresh  state  the  sporozoite  exhibits  a  number  of  granules,  one  of 
larger  size  than  the  rest  often  being  seen  at  one  extremity  (Plate 
XXIII,  Fig.  19).  The  living  spores  are  always  translucent  enough  to 
enable  one  to  see  the  sporozoites  within.  This  is  not  invariably  true 
of  spores  in  sectional  material  stained  with  ferric-alum  hffimatoxylin. 
This  stain  is  readily  extracted  from  the  cyst-walls  of  a  certain  number 
of  the  spores,  but  is  retained  by  others  to  such  a  degree  that  they 
appear  perfectly  black  (Plate  XXI,  Fig.  2  and  Plate  XXIII,  Fig.  16). 
This  difference  we  believe  due  to  a  slight  increase  in  thickness  or 
imper\aousness  of  the  cyst  wall. 

The  spore  membrane  appears  to  be  entirely  structureless.  In 
optical  section,  even  with  very  high  powers,  it  appears  merely  as  a 
sharp  line.  Strong  artificial  digesting  fluids  (peptic  and  pancreatic) 
do  not  entirely  dissolve  it.  It  is  not  ditficult  to  rupture  it  by  cover- 
glass  pressure  and  set  free  the  sj^orozoites. 

B.    THE    GLOMEEULAK    PARASITE. 

In  many  of  the  glomeruli  of  certain  heavily-infected  kidneys  we 
have  seen  a  parasite  of  considerably  larger  dimensions  aud  irregiilar 
lobate  form  (Plate  XXI,  Fig.  1,  lower  right  corner,  and  Plate  XXIII, 
Fig.  20).  Its  habitat  is  the  thin  epithelium — usually  the  visceral 
layer — of  Bowman's  capsule.  It  encroaches  inward  >trongly  on  the 
glomerulus. 
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Only  a  few  stages  in  the  development  have  been  seen.  That  rep- 
resented in  Fig.  20  (Plate  XXIII)  is  perhaps  the  commonest.  Every 
gradation  between  this  and  the  later  stage  shown  in  Tig.  21  has 
been  found,  but  earlier  stages  are  extremely  rare.  After  prolonged 
search  we  have  found  only  one  example  of  what  corresponds  to  the 
very  yoimg  or  sporont  stage  of  the  tubule  jjariisite.  This  had  a  large, 
oval,  strongly-stained  nucleus  with  a  single  karyosome.  The  parasite 
was  embedded  by  a  little  more  than  half  its  diameter  in  a  much- 
thickened  region  of  Bowman's  capsule  close  to  the  neck.  As  we 
have  seen  no  intermediate  stages  between  this  and  that  shown  in 
Fig.  20,  we  cannot  positively  assert  that  these  two  are  genetically  con- 
nected. Between  the  stages  represented  in  Figs.  20  and  21  every 
intermediate  condition  has  been  seen.  Masses  of  protoplasm  are 
segmented  off  around  each  one  of  the  numerous  nuclei  and  each  mass 
becomes  eventually  transformed  into  a  falciform  body.  These  are 
somewhat  variable  in  size  and  shape,  as  shown  iu  Fig.  21.  On  ac- 
count of  this  variability  it  is  difficTilt  to  state  their  dimensions.  Per- 
haps 7  /jhj  2  fjt  is  a  fair  average. 

How  shall  the  glomerular  body  be  interpreted?  AYhilc  we  have 
failed  to  prove  even  that  it  belongs  to  the  same  species  as  the  para- 
site in  the  convoluted  tubules,  there  is  very  strong  presumptive  evi- 
dence that  it  does,  inasmuch  as  we  have  not  found  it  in  any  kidney 
not  infected  with  Klossiella  miiris.  On  the  other  hand,  we  have 
failed  to  find  it  in  certain  lightly-iufccted  kidneys. 

The  glomerular  pai-asite  may  be  brought  witliiii  the  cycle  of 
Klossiella  muris  in  one  of  two  distmct  roles.  Li  the  lii'st  place, 
it  may  represent  the  schizogonic  or  Eimerian  cycle  of  tlie  species, 
and  as  such  may  antedate  the  whole  sporogouic  cycle  of  the  tubules. 
If  this  be  true  tiie  falciform  bodies  shown  in  Fig.  21  represent  the 
merozoites,  and  the  infection  of  the  tubular  cpitlu'liiim  is  due  entirely 
to  the  passage  of  these  with  the  secretion  along  the  tubule  until  a 
suitable  host  cell  is  found,  into  which  the  merozoite  peneti'ates. 

Another  interpretation  v.-ould  regard  this  as  the  male  element 
fmother-microgametocyt(>).  in  which  the  falcifdrni  bodies  represent 
the  micTOgametocytes  and   from   the   latter  the   niicrogaiiietes  may 
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arise  somewhat  as  described  by  Siedlecki "  for  Adelea  ovata,  i.  e.  after 
the  microgametocyte  has  reached  the  macrogamete.  In  one  instance 
we  have  seen  a  falciform,  nnclcated  body  adherent  to  a  young  sporont, 
and  in  two  or  three  instances,  in  fresh  material,  a  granular-looking 
body  in  the  same  position.  As  we  have  not  seen  any  flagellated 
bodies  or  the  penetration  of  a  nnclens  into  the  female  element,  we 
lack  the  necessary  e\ddence  (hat  the  adherent  body  in  question  is 
actually  the  male  element. 

C.    THE    PEOBABLE   LIFE-CYCLE   OF   KloSsieUa    muris    ACCORDING    TO    THE 
PEECEDING    INVE.STIGATIONS. 

"W^e  have  suggested  two  quite  divergent  interpretations  of  the 
glomerular  parasite  neither  of  which  is  in  conflict  with  our  present 
knowledge  of  Coccidia.  If  we  interpret  this  body  as  the  male  ele- 
ment its  position  in  the  capsular  epithelium  is  almost  a  necessary  one 
for  it  to  occupy  in  order  that  the  microgametocytes  may  reach  the 
tubular  epithelium.  If  we  accept  the  interpretation  that  the  glomer- 
ular parasite  represents  the  asexual  or  so-called  Eimerian  cycle  which 
furnishes  the  means  for  an  internal  multiplication,  or,  pathologically 
speaking,  an  auto-infection  of  limited  extent,  the  position  of  the  body 
in  the  glomerulus  is  still  a  prerequisite  for  the  success  of  the  next 
stage,  the  invasion  of  the  tubular  epithelium  by  the  resulting  mero- 
zoites.  The  final  interpretation  probably  will  not  be  made  until 
analogous  forms  in  other  species  of  coccidia  shall  have  been  discovered 
in  which  the  significance  of  the  two  stages  may  be  subjected  to  demon- 
stration. This  species  seems  to  be  the  first  one  in  which  two  forms, 
genetically  related,  occupy  epithelial  cells  of  somewhat  different 
morphological  and  physiological  characters. 

The  spores,  as  already  stated,  pass  out  in  the  urine  and  are  most 
likely  taken  in  by  mice  in  the  food  and  water.  Direct  infection  is 
inferred  from  the  large  percentage  of  infected  mice  which  are  found 
in  cages  where  numbers  have  been  living  together  for  several  months 
at  least.     This  observation  frequently  made  by  one  of  us  in  the  study 

Kinitates  de  VInslihil  Pasloir,  18n9,  xiii,  p.  169. 
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of  sarcosporidiosis  led  to  a  number  of.  feeding  experiments  with  in- 
fected kidneys.  The  method  of  feeding  and  of  keeping  the  mice 
imder  observation  was  the  same  as  that  used  in  the  study  of  Sarco- 
cystis  muris,  to  which  the  reader  is  referred  for  details."  Only  kid- 
neys containing  spores  with  fully-developed  sporozoitcs  were  used. 
These  were  finely  divided  and  mixed  with  crumbs  of  bread  softened 
in  physiological  salt  solution.  The  dish  containing  this  food  was 
placed  in  the  jar  with  the  mouse  or  mice  to  be  infected.  The  limited 
number  of  experiments  furnished  no  conclusive  evidence.  Only  one 
deserves  mention. 

A  mouse  fed  December  IS,  1000,  was  killed  February  Ifi.  1901.  The 
kidneys,  carefully  examined  fresh  and  in  sections,  contained  young 
stages  only.  In  the  spontaneous  cases  early  and  advanced  stages  occur 
together,  suggesting  repeated  infection.  In  this  the  occurrence  of  only 
one  stage  is  what  we  should  expect  from  a  single  infection. 

The  falciform  bodies  (sporozoites)  set  free  in  the  digestive  tract 
probably  bore  their  way  into  the  circulation  which  carries  them  into 
all  parts  of  the  body.  Their  minute  size  permits  them  to  enter  the 
smallest  capillaries.  In  the  kidneys  they  leave  the  capillaries  in  the 
glomerulus  to  invade  the  capsular  epitheliimi  and  the  epithelium  of 
the  convoluted  tubules.  In  all  other  organs  they  are  probably  sup- 
pressed. 

PATHOGENESIS. 

The  presence  of  cell-parasites  like  the  one  muler  consideration  is 
evidently  not  indifferent  to  the  organ  in  which  they  multiply  and 
mature;  and  it  remains  for  us  to  consider  very  briefly  what  injuries 
may  be  inflicted  and  what  processes  induced. 

The  yoimgest  stage  of  the  parasite  (sporont)  leads  to  the  funnation 
of  a  vacuole  in  the  epithelial  cell  which  increases  with  the  growth 
of  the  parasite.  Its  very  attenuated  walls  may  still  be  seen  after  the 
formation  of  the  sporoblasts.  As  the  sporont  enlarges  into  the 
mother-sporoblast  and  from  this  about  12  spores  are  segmented  off, 
each  larger  than  the  original  sporont  a.s  first  seen  within  the  cell,  the 

*  Journal  of  Eiperirnental  .^f((llcitie,  I'JOl,  vi,  p.  1. 
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tulmlc  within  which  tlie  pnrasite  is  lodged  becomes  compressed, 
especially  when  a  number  of  the  parasites  have  matured  close  to- 
gether. The  compression  causes  the  adjacent  epithelium  to  disap- 
pear, and  the  tubule  looks  like  an  elongated  contorted  bag  filled  with 
spores  but  largely  devoid  of  epithelium. 

No  so-called  inflammatory  reaction  can  be  associated  witli  these 
stages.  The  process  is  a  mechanical  one,  leading  to  cell  destruction. 
There  is,  however,  another  phenomenon  associated  with  extensive 
invasion  of  the  kidneys.  These  organs  show  over  the  entire  surface 
a  large  number  of  minute  grayish  spots,  already  referred  to.  These 
minute  spots  represent  foci  of  necrobiotic  changes  in  the  cortex,  fol- 
lowed by  marked  cell  proliferation  in  the  same  areas.  The  less 
advanced  foci  are  largely  made  up  of  the  tubular  epithelium  of  the 
area  which  has  become,  as  it  were,  fused  into  a  mass  on  account  of 
the  obliteration  of  the  lumina  of  the  tubules.  In  later  stages  the 
original  tissue  becomes  gradually  obscured  by  the  active  prolifera- 
tion of  the  intertubular  tissue,  giving  rise  to  a  dense  collection  of  cell 
nuclei  with  scant  cytoplasm.  These  foci  resemble  early  foci  in  tuber- 
culosis when  giant  cells  are  absent.  The  cells  themselves  correspond 
to  what  are  usually  called  round  cells.  They  often  appear  sheathing 
the  larger  blood-vessels  of  the  cortex.  The  genesis  of  these  foci  is 
obscure,  but  they  are  probably  due  to  Klossiella  muris,  as  we  have 
not  seen  them  excepting  in  the  presence  of  this  parasite.  It  is  prob- 
able that  they  represent  older  foci  of  invasion  which  had  been  aban- 
doned by  the  ripe  spores,  and  the  devastated  tubules  have  become  the 
seat  of  an  interstitial  process  which  in  its  progress  may  envelope  and 
obliterate  neighboring  normal  tubules  as  well.  Processes  associated 
with  acute  inflammatory  reactions  were  not  encountered.  Poly- 
iiiu'lear  leucocytes  as  well  as  exudations  were  absent. 

SYSTEMATIC  POSITION  OF  THE  KENAL  PARASITE. 
The  classification  of  the  Coccidia  has  undergone  more  or  less  change 
in  recent  years.     The  last  attempt  by  Schaudinn '  following  Leger  is 
perhaps  the   best.      Of   the    ?,    families    there    recognized,   Pisporn- 

'  Untersuchungen  ub.  d.  Generationawechsel  bei  Coccidien.  Zoo!.  Jahrhuch.,  Abl/i. 
f.  Morphol,  1900,  xiii,  p.  197. 
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cystidea,  Tetrasporocystidea,  and  Polysporocystidea,  the  mouse  para- 
site clearly  belongs  to  the  third.  When  we  come  to  the  genera  onr 
difficulty  begins,  for  these  are  based  on  the  contents  of  the  individual 
spore.  Sporoeysts  with  1,  2,  3  and  4  sporozoites  are  accounted  for, 
biit  our  parasite  contain?  about  30  sporozoites.  We  have  therefore 
preferred  to  create  a  new  genus  rather  than  enlarge  the  scope  of  any 
of  the  existing  genera  for  its  reception.  We  have  named  the  new 
geniis  Klossiella,'  of  which  the  type  and  only  known  species  is 
KlossieUa  muris.  The  follo^nng  is  offered  as  a  diagnostic  de- 
scription of  the  same : 

KlossieUa  mtiris,  gen.  et  spec.  nov.  Sporogonic  cycle  charac- 
terized by  the  development  of  12  to  14  spheroidal  spores,  measuring 
16 //by  13  m.  each  of  which  contains  30  to  34  banana-shaped  sporo- 
zoites. 

Schizogonic  cycle  unknown,  but  a  phase  of  unknown  significance  in 
the  glomerulus. 

Sporont  with  10  to  20  spherical  plastin  granules.  1.5  «  in  diameter, 
and  smaller  gi-anules  of  the  same  physical  and  chemical  ]iroperties. 
The  latter  persist  until  sporozoite-formation. 

Habitat:  Renal  epithelium  (convoluted  tubuk's  and  glomerulus)  of 
Miis  muscuhts. 

DESCRIPTION    OF    PLATES    XXI-XXIII. 

(The  fiarures  on  Plate  XXI  are  reproduced  from  photomiorograiilis  made 
with  the  kind  permission  of  Dr.  J.  H.  Wright  by  Mr.  L.  S.  Brown  in  the 
Clinico-pathological  Laboratory  of  the  Massachusetts  General  Hospital. 
The  figures  on  Plates  XXII  and  XXIII  are  from  camera  lucida  drawings 
made  with  a  Leitz  1/12  homogeneous  immersion  objective.  The  fixing 
agent  in  all  cases  was  Zenker's  fluid.) 

Plate  XXI. 

Fig.  1.  I'hotomicrograph  of  an  area  in  a  section  of  the  cortex  of  a 
lieavily-infectcd  kidney,  showing  Klonsiella  muris  in  the  mother-  and 
daughter-sporoblast  stages.  In  the  lower  right-hand  corner  is  a  portion  of 
a  glomerulus,  showing  two  parasites  in  different  stages  in  the  epithelium 
of  Bowman's  capsule.  •  X  T.'SO. 

Fig.  2.  Photomicrograph  of  an  area  of  the  cortex  of  the  same  kidney, 
showing  sporncjsts  (spores).     Some  have  resisted  decolorization  and  appear 

»  We  arc  indebted  to  Dr.  C.  W.  Stiles  for  sugeesting  to  us  tlic  irenerio  name 
KloMiella  in  place  of  the  less  accurate  Microklossia  which  we  had  selected. 
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as  black  balls.     In  others  the  nuclei  of  the  sporozoites  can   be  made  out 
distinctly.     X  SOO.     (Both  stained  in  ferric-alum  hsematoxylin.) 

Plate  XXII. 

Fig.  3.  An  infected  cell  from  a  fresh  kidney,  teased  in  salt  solution  and 
stained  with  aceto-methyl  green.  It  contains  a  sporont  within  a  large 
vacuole.  The  spherical  refractive  bodies  iu  the  sporont  are  plastin  granules. 
X  850. 

Fig.  4.  A  sporont  containing  both  large  and  small  granules.  In  salt 
solution;  unstained.     X  S50. 

Fig.  5.  A  double  infection.  The  nucleus  has  already  divided  and  become 
distributed  towards  the  periphery.     Hsemalum.     X  ToT. 

Fig.  6.  Mother-sporoblast,  showing  nuclei  near  periphery,  containing-  one 
to  four  karyosomes  and  a  mass  of  granular,  less  intensely-staining  chroma- 
tin.    Hiemalum.     X  1435. 

Fig.  T.  Longitudinal  section  of  a  portion  of  a  convoluted  tubule,  with 
three  infected  cells  almost  occludiug  its  lumen.  The  two  cells  to  tlie  right 
show  the  attachment  of  the  infected  cell  by  a  narrow  densely-granular 
peduncle  to  the  basement  membrane.  The  increase  in  size  of  the  infected 
cells  is  clearly  seen.     Hsemalum  and  picro-acid  fuchsin.     X  870. 

Figs.  8  and  9.     Nuclei  of  mother-sporoblast  stage.     X   1700. 

Fig.  10.  Mother-sporoblast,  with  daughter-sporoblasts  beginning  to  form. 
Shrinkage  during  fixation  is  probablj-  responsible  for  the  jirotrusion  of  one 
sporoblast  beyond  the  normal  contour.     Haemalum.     X  1475. 

Fig.  11.  A  stage  a  little  later  than  the  preceding.  The  daughter-sporo- 
blasts, each  with  its  nucleus  at  its  di.stal  end,  appear  to  bud  out  from  a 
large  central  mass.     Ferric-alum  ha?matoxylin.     X  1590. 

Fig.  12.  The  daughter-sporoblasts  nearly  complete,  still  attached  by  a 
narrow  peduncle  to  central  restiform  body.  Ferric-alum  hiematoxylin. 
X   1590. 

Plate  XXIII. 

Fig.  13.  Transverse  section  of  ponvoluted  tubule,  with  very  large  flask- 
shaped  cell,  containing  Ktoisiella  in  the  daughter-sporoblast  stage.  The 
infected  cell  nearly  fills  the  lumen.  It  still  retains  its  attachment  to  base- 
ment membrane  by  a  narrow  peduncle.  Hjemalum;  picro-acid  fuchsin. 
X  870. 

Fig.  14.  Infected  cell  from  fresh  kidney,  in  salt  solution.  It  contains 
14  sporoblasts  in  which  the  small  plastin  granules  are  conspicuous.  The 
cell  is  more  or  less  flattened  by  pressure  of  the  cover-glass.     X  850. 

Fig.  15.  Small  brood  of  sporoblasts,  showing  division  and  distribution  of 
nuclei  preparatory  to  formation  of  sporozoites.  Haemalum;  picro-acid  fuch- 
sin.    X  870. 

Fig.  16.  Brood  of  spores  still  within  cell-membrane  of  the  completely 
atrophied  cell.  Six  spores  show  the  sporozoites  within  the  cyst-wall;  four 
are  solidly  stained  and  opaque.     Ferric-alum  haematoxylin.     X  870. 
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Fig.  17.  Spore  from  fresh  kidney,  in  .salt  solution,  showing  sporozoites 
still  attached  to  restiform  body.     X  850. 

Fig.  18.  More  advanced  spore,  fresh.  Aceto-methyl  green.  Transverse 
optical  section.     The  nucleus  appears  in  four  sporozoites.     X   850. 

Fig.  19.  a,  6,  two  sporozoites  in  fresh  condition,  liberated  from  spore 
cyst  by  crusliing;  e,  sporozoite  from  a  spore  softened  by  peptic  digestion. 
X  850. 

Fig.  20.  Section  of  glomerulus,  showing  glomerular  parasite  in  situ  in 
visceral  layer  of  Bowman's  capsule.     X  485. 

Fig.  21.  Falciform  bodies,  oldest  stage  of  glomerular  parasite  observed. 
Hiemalum.  picro-acid  fuchsin.     X   1590. 
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GENEEAL     COXSIDEE.\TIO^'S. 

Pneumococci  and  streptococci  which  do  not  differ  in  morphology 
from  their  classic  types  can  usually  be  differentiated  from  each  other 
and  identified  by  their  morphological  characters  without  difficulty; 
but  it  is  equally  true  that  certain  cultures  of  these  organisms,  either 

'  An  abstract  of  this  paper  was  read  at  the  Chicago  meeting  of  The  Society  of 
American  Bacteriologists,  December  31,  1901.  and  published  in  Ctbl.f.  Btikt.,  1902,  xxxi, 
302  ;  and  in  Science,  Mar.  7,  1902,  367. 

'  Received  for  publication  March  IS,  1902. 
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at  the  time  of  their  isolation  or  after  cultivation  on  artificial  media, 
approach  the  type  of  the  other  so  closely  that  it  may  be  impossible 
to  identify  them  by  their  morphology  alone.  When  such  morpho- 
logical variations  occur  there  are  no  constant  and  distinctive  cultural 
or  pathogenic  characters  as  yet  demonstrated,  -which  can  ■n'ith  cer- 
tainty be  depended  upon  as  distinguishing  marks  between  these  or- 
ganisms.' 

This  lack  of  distinct  cultural  differences  between  pneumococci 
and  streptococci  has  not  infrequently  led  to  confusion,  but  that  \\n- 
certainty  should  exist  and  mistakes  be  made  in  identification  is  not 
surprising  -when  one  considers  the  characters  usually  depended  upon 
to  distingmsh  pneumococci  from  streptococci.  Chief  among  these, 
as  has  just  been  implied,  are  the  morphological  features,  which  are 
in  the  case  of  the  pneumococcus  a  slightly  lancet  or  elongated  varia- 
tion of  the  more  typical  coccus  form  which  is  characteristic  of  the 
streptococci,  the  arrangement  of  such  cocci  in  pairs  rather  than  in 
chains,  and  the  possession  of  a  more  or  less  well-defined  capsule.  All 
of  these  characters  are  subject  to  variation  or  may  be  absent.  Com- 
pared with  the  morphological,  the  cultural  characters  are  of  minor 
importance,  and  are  variable.  They  consist  in  a  more  watery  ap- 
pearance of  the  pneumococcus  colonies  on  coagulated  blood  serum 
and  on  agar,  and  in  the  usual  inability  of  the  freshly  isolated  pneu- 
mococcus to  develop  readily  or  at  all  on  gelatin  at  temperatui*es 
below  22°  C. 

The  distinctness  of  the  capsule  of  the  pneumococcus  in  the  body 
fluids  of  man  and  animals,  and  at  times  when  this  organism  is  arti- 
ficially cultivated  in  blood  serum,  milk  or  serum  agar,  has  really 
been  depended  upon  as  the  chief  distinguishing  and  diagnostic  char- 
acter. 

During  the  past  few  years,  however,  from  time  to  time,  instances 
have  been  reported  of  distinct  capsule  formation  by  organisms  which 
had  either  been  previously  identified  as  streptococcus  pyogenes,  or 

3  On  this  subject  see  Welch,  EuUetin  of  the  Johns  Hopkins  Hospital,  1892,  December, 
p.  125  et  seq. 
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at  the  time  of  their  isolation  could  not  be  definitely  identified  by 
their  discoverers  as  belonging  to  either  this  group  or  to  the  pneunio- 
cocci,  but  were  considered  intermediate  in  their  character. 

Brief  Description  of  Organisms  Reported  as  Capsulated  Streptococci. — 
Bordet  (1)  working  with  an  organism  previously  identified  as  strepto- 
coccus pyogenes  described  such  capside  formation  occurring  in  the  peri- 
toneal exudate  of  infected  rabbits. 

Sehiitz's  diplol-ol-kits  der  Brustseuche  der  Pferde  (2),  Poels  and 
Xolen's  streptococcus  of  contagious  pneumonia  of  cattle  (3),  and  espe- 
cially the  organism  described  by  Bonome  (4)  as  "  streptokokkus  der 
Meningitis  cerehro-spinalis  epidemica,"  may  all  be  looked  upon  as  organ- 
isms differentiated  on  insecure  grounds  from  either  pneumocoecus  or 
streptococcus.  The  first  two  of  these  organisms,  however,  are  said  to 
be  decolorized  by  Gram's  method,  and  as  suggested  by  Frosch  and  Kolle 
(5)  in  the  case  of  Sehiitz's  organism,  may  belong  to  a  group  intermediate 
between  Fraenkel's  diplococciis  and  the  chicken  cholera  group. 

Tavel  and  Krumbein  (6)  describe  a  streptococcus  with  a  capsule,  which 
was  isolated  from  a  small  abscess  on  the  finger  of  a  child.  Capsules  were 
also  present  in  the  artificial  cidtures,  and  although  ordinarily  remaining 
uncolored,  could  be  stained  by  Loefiler's  flagella  stain.  This  organism 
was  said  to  be  differentiated  from  Fraenkel's  diplococcus  and  also  in  gen- 
eral from  the  streptococci  (pyogenes)  by  a  rapid  and  rich  growth  on 
gelatin,  agar,  and  potato.  A  pellicle  was  formed  on  broth.  The  organ- 
isms forming  this  pellicle  possessed  capsules,  but  those  in  the  deeper 
portions  of  the  broth  generally  lacked  the  capsule. 

In  1897,  Binaghi  (7)  described  a  capsulated  streptococcus  isolated 
from  a  guinea-pig  dead  of  a  spontaneous  peribronchitis  and  multiple  pul- 
monary abscesses.  In  the  pus  were  found  some  diplococci  and  short 
chains  (4  to  6)  surrounded  by  a  capsule,  which  could  be  made  evident  by 
staining  with  carbol  fuchsin.  This  organism  he  proposes  to  call  Strep- 
tococcus capsulatus. 

Le  Eoy  des  Barres  and  Weinberg  (8)  in  1899  published  an  account  of 
a  streptococcus  with  a  capsule.  This  was  isolated  from  a  man  who  had 
apparently  been  infected  from  a  horse  which  had  died  of  an  acute  intes- 
tinal disorder.  The  patient  neglected  the  infection  and  died.  Diplo- 
cocci and  short  chains  furnished  with  a  capsule  were  found  in  the  subcu- 
taneous tissue  at  the  area  of  infection.  The  blood,  liver  and  spleen  also 
contained  these  organisms.  The  capsule  in  all  the  preparations  remained 
uncolored,  but  the  authors  say  that  its  existence  was  not  to  be  doubted. 
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Ascitic  broth  inoeiilated  from  the  peritoneal  exudate  of  a  rabbit  dying 
from  the  infection  gave  streptococci  in  extremelj  long  chains  and  sur- 
rounded by  capsules.  These  were  not  so  distinct  as  in  the  case  of  the 
organisms  in  the  original  smear  preparations.  Xothing  notable  was 
observed  in  the  cultural  characters.  All  fluid  media  (bouillon,  milk  and 
ascitic  broth)  were  said  to  be  strongly  acid  after  twenty-four  hours.  These 
authors  report  that  Achard  and  Marmorek  have  assured  them  that 
they  have  seen  capsulated  streptococci,  and  that  Marmorek  showed  them 
some  preparations  in  which  one  of  his  streptococci  presented  the  same 
characters  as  that  isolated  by  them. 

Although  Le  Eoy  des  Barres  and  Weinberg  have  used  the  term  encap- 
sulated, they  believe  that  it  would  perhaps  be  more  prudent  to  call  their 
organism  streptocoque  aureole,  since  they  were  not  able  to  put  this  capsule 
definitely  in  evidence  by  staining  it. 

Howard  and  Perkins  (9)  have  lately  described  an  organism,  probably 
of  the  foregoing  t^-pe,  which  was  present  in  a  tubo-ovarian  abscess  and 
in  the  peritoneal  exudate,  the  blood  and  some  of  the  organs  of  a  woman 
dying  in  the  Lakeside  Hospital,  Cleveland,  Ohio.  The  organisms  were 
biscuit-shaped  cocci  in  pairs,  usually  arranged  in  chains  of  four,  six, 
eight  or  twenty  elements,  and  surrounded  by  a  wide  and  sharply  staining 
capsule.  In  the  artificial  cultures  special  capsule  stains,  it  was  noted, 
failed  to  stain  any  definite  area,  but  numerous  small  deeply  stained 
granules  were  to  be  seen  within  the  halo,  especially  near  its  outer  border. 
Capsules  in  litmus-milk  could  be  sharply  stained.  Howard  and  Per- 
kins propose  for  the  group  composed  of  the  streptococci  of  Bonome,  Bin- 
aghi,  and  their  owa  organism,  the  name  Streptococcus  mucosus.' 

Eeference  to  the  original  descriptions  of  these  various  capsulated 
streptococci  will  show  that,  with  the  exception  of  a  rather  poorly  stain- 
ing capsule,  the  majority  of  these  organisms  are  separated  from  the 
t}'pioal  streptococcus  pyogenes  or  from  the  pneumococcus  by  exceedingly 
slight  and  unstable  morphological  and  cultural  characters.  The  same 
is  true  of  the  difference  observed  in  their  pathogenic  action  in  animals. 

There  are  occasions,  then,  both  within  the  animal  body  and  in  arti- 
ficial cultivations  when  it  is  practically  impossible  to  distinguish 
definitely  between  some  races  of  pneumococci  and  races  of  strepto- 

*  Tbrongh  the  kindness  of  Dr.  Perkins,  I  Lave  bad  an  opportnnity  of  studying  the 
organism  of  Howard  and  Perkins.  It  ferments  inulin  and  in  most  cbnracters  shows 
a  closer  affinity  with  pneumococci,  thau  with  true  streptococci. 
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cocci.  This  difficulty  is  especially  heightened  when  the  pneumococ- 
cias  has  become  non-virulent,  and  at  the  same  time  no  very  typical 
morphology  or  capsule  formation  is  to  be  determined  and  a  tendency 
to  chain  formation  is  marked.  Cultures  of  pneumococci  in  such 
condition  have  come  under  my  notice  and  were  not  readily  to  be  dis- 
tinguished morphologically  from  streptococcus  cultures. 

Under  these  circumstances  there  has  been  up  to  the  present  time 
no  means  of  determining  morphological  or  cultural  differences  by 
which  these  organisms  could  be  definitely  distinguished.  The  only 
recourse  is  the  tedious  attempt  to  revivify  the  pathogenicity  liy  intro- 
duction of  the  culture  into  the  most  susceptible  animals  and  to  thus 
bring  again  into  prominence  the  lancet-shaped  diplococcus  type,  sur- 
roimded  by  the  capsules  which  characterize  the  pneumococcus  in 
animal  fluids. 

My  work  during  the  past  two  years  with  many  cultures  of  pneu- 
mococci and  streptococci  from  various  sources  has  shown  certain 
physiological  differences  in  these  organisms,  which  are,  so  far  as 
I  am  able  to  determine,  fixed  characters,  and  have  thus  far  proved 
unfailing  means  of  distinguishing  pneumococci  from  any  strepto- 
coccus pyogenes  met  with.  It  is,  of  course,  understood  that  the  strep- 
tococci here  referred  to  are  organisms  which  would  ordinarily  be 
classed  as  streptococcus  pyogenes  (longus,  brevis,  conglomeratus), 
erysipelatos,  or  scarlatinse. 

In  the  course  of  these  experiments  I  have  also  been  led  to  the 
development  of  simple  staining  methods  for  capsules,  and  to  the 
application  of  special  means,  cultural  and  otherwise,  of  demonstrat- 
ing the  presence  of  capsules  on  both  pneumococci  and  streptococci. 

It  is  the  object  of  the  present  paper  to  set  forth  as  briefly  as  may 
be  these  differential  and  capsule  experiments. 

the    physiological    diffeeentiatiox    of    pneumococcus    from 
streptococcus. 

Preliminary  Observations  Leading  to  the  Experiments  in  Dif- 
ferentiation.— My  attention  was  first  called  to  the  possibility  of  a  cul- 
tural difference  between  pneumococci  and  streptococci  early  in  1900.     At 
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this  time  I  had  prepared  some  serum  broth,  composed  of  two  parts  of 
broth  and  one  part  of  an  inflammatory  exudate  from  the  human  pleural 
cavity.  This  fluid  had  originally  been  rich  in  cells  and  was  fairly  thick, 
the  proteid  content  being  high.  Attempts  to  sterilize  at  68°  C.  had 
resulted  in  the  solidification  or  gelatinization  of  the  mixture,  and  even 
at  60°  C.  this  was  found  to  take  place.  The  medium  was  finally  ster- 
ilized in  a  fluid  condition  at  55°  C.  On  March  31,  I  had  occasion  to 
use  this  medium  for  the  cultivation  of  a  pneumoeoccus  which  on  March 
24  had  been  isolated  from  some  exudate  coming  from  a  case  of  menin- 
gitis in  a  child  following  pneumonia.  In  the  serum-broth,  after  24 
hours'  growth  at  37°  C,  the  organism  brought  about  a  nearly  solid 
coagnlum  of  a  yellowish-white  color.  The  culture  was  examined  mor- 
phologically by  the  Welch  capsule  stain,  and  was  found  to  be  a  pure 
culture  of  pneumoeoccus  with  clearly  stained  capsules.  Subcultures 
could  not  be  obtained  from  this  tube  after  48  hours  at  37°  C. 

The  reaction  of  the  uninoculated  serum-broth  was  tested  and  found  to 
be  0.75%  acid,  phenolphthalein  being  the  indicator.  The  coagulated 
medium  containing  the  pneumococci  reacted  2.5%  acid.  The  coagulum 
dissolved  upon  the  neutralization  of  the  acid. 

Shortly  subsequent  to  this,  tubes  of  this  same  serum-broth  were  inocu- 
lated with  two  cultures  of  streptococci.  One  of  the  latter  was  in  use  in 
immunizing  experiments  at  the  Research  Laboratory  of  the  Xew  York 
Health  Department,  and  the  other  was  isolated  by  me  from  the  exudate 
of  an  empyaema  in  a  child.  These,  it  was  noted,  did  not  coagulate  the 
medium  even  after  some  days'  growth  at  37°  C. 

I  was  impressed  with  this  difference  in  coagulative  action  of  the  pneu- 
moeoccus and  streptococci  in  this  medium  and,  realizing  that  it  might 
indicate  more  than  a  temporary  difference  in  the  metabolism  of  these 
organisms  and  might  thus  be  of  diagnostic  value,  I  made  further  tests 
and  endeavored  to  analyze  the  phenomenon.  This,  it  seemed,  might 
depend  upon  at  least  two  things — cither  it  might  be  due  to  an  acid 
formed  by  the  pneumoeoccus  in  the  presence  of  some  fermentable  sub- 
stance (probably  carbohydrate)  not  available  for  tiie  streptococci,  or  it 
might  be  due  to  an  acid  produced  by  tlie  pneumoeoccus  quite  independent 
of  a  carbohydrate  in  its  nutrient  surroundings.  That  acid  was  formed 
and  that  the  precipitate  was  due  in  large  part  to  this  was  indicated  by 
the  titration  and  by  the  resolving  of  the  coagulum  upon  the  addition  of 
an  alkali. 

What  the  fermentable  substance  was,  if  tlicre  really  was  one  present, 
wbich  is  not  unlikely,  was  not  determined. 
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The  normal  amount  of  glucose  in  fresh  beef  serum,  when  the  serum 
is  mixed  with  broth  in  the  proportion  of  1  to  2  and  the  glucose  fermented 
by  organisms  known  to  act  upon  it,  such  as  B.  coli  communis  and 
B.  typhosus,  does  not  lead  to  such  a  coagulation,  neither  did  these 
organisms  give  a  coagulum  when  grown  in  the  inflammatory  serum  broth. 
It  seemed,  therefore,  that  this  substance,  if  it  were  a  carbohydrate,  must 
be  one  of  the  less  readily  fermented,  such,  for  instance,  as  glycogen;  or 
it  might  be  that  some  glucoproteid  or  possibly  nucleoproteid,  which  could 
be  broken  up  by  the  pneumocoecus,  was  present  in  excess  of  the  usual 
amount.  This  latter  supposition  is  not  unreasonable,  as  the  cell  content 
of  the  serum  was  large. 

It  did  not  seem  probable  that  glycogen,  even  if  originally  present, 
could  long  remain  in  such  a  serum  unchanged  by  the  diastasic  and 
maltasic  ferments,  which  are  normally  present  in  blood  and  such  exu- 
dates. Experiments  were,  however,  carried  on  with  various  carbohy- 
drates, with  the  hope  of  thus  throwing  some  light  on  the  problem,  and 
they  have  led  to  such  interesting  and,  it  is  hoped,  valuable  results,  that 
they  form  an  important  part  of  the  present  communication. 

No  attempt  has  as  yet  been  made  to  investigate  the  glucoproteids  and 
nucleoproteids. 

Culture  Experiments  vtith  Seeum-Beoth  Media,  Sterilized 
AT  65°-70°  C. — lu  the  first  attempt  to  devise  a  differential  culture 
medium,  fresh  beef-serum  was  diluted  with  sugar-free  broth,  react- 
ing 1/fc  acid'  to  phenolphthalein,  in  the  proportion  of  two  parts 
of  broth  to  one  part  of  serum.  This  was  then  divided  into 
separate  portions,  one  of  which  was  left  plain,  and  to  the  others  were 
added  respectively  dextrose  1%,  lactose  1%,  saccharose  1%,  dex- 
trin 1%  and  starch  %%. 

These  media  were  sterilized  at  65°-68°  C.  for  one  hour  on  six 
consecutive  days.  They  were  inoculated  with  two  cultures  of  imeu- 
mococci  and  four  of  streptococci. 

The  dextrose,  lactose,  saccharose  and  dextrin  media  were  found 
to  be  fermented  by  the  streptococci  as  well  as  by  the  pneumococci, 
with  the  formation  of  a  solid,  yellowish-white  coagulum,  due  to  the 
resulting  acid. 

'  This  broth  was  ueutral  to  litmus. 
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The  starch  medium  yielded  the  most  satisfactory  differential 
results.  This  medium  was  rapidly  fermented  by  the  pneiimococci, 
but  was  noted  only  after  13  days'  growth  at  37°  C.  as  becoming 
gelatinous  from  the  action  of  the  streptococcus  cultures.  The  plain 
serum  was  not  coagulated  by  either  organism.  Anaerobic  cultiva- 
tions were  made.  The  results  were  practically  the  same  as  given  by 
aerobic  growth  with  the  exception  of  the  coagulation  of  the  plain 
serum-broth  by  the  puevuuococcus. 

The  resiilts  indicated  by  the  starch  medium  were  promising.  They 
showed  that  these  starch  preparations  could  be  readily  fermented  by 
pneumocoeci  with  rapid  acid  formation,  and  that  the  streptococci, 
on  the  other  hand,  although  they  developed  in  the  medium,  could 
not  avail  themselves  of  the  starch,  at  least  with  ease,  for  it  was  gen- 
erally a  matter  of  many  days  before  even  a  gelatinization  of  the 
medium  resulted. 

As  there  was,  as  determined  by  the  iodine  test  and  by  the  use  of 
Fehling's  solution,  a  marked  conversion  of  the  starch  during  the 
preparation  of  the  media,  and  by  this  the  introduction  of  compli- 
cating factors  into  the  tests,  changes  were  made  in  the  mode  of  pre- 
paring the  medium. 

Culture  Espeeiments  with  Sekuii-Wateb  Media,  Sterilized 
AT  65°-70°  C. — Distilled  water  was  substituted  for  the  broth  in 
these  experiments  so  as  to  exclude  any  hydrolization  in  the  presence 
of  acids  and  salts,  such  as  are  usually  present  in  broth,  during  the 
preparation  of  the  starch. 

Starch  water  was  prepared  by  adding  1  grams  of  powdered  starch 
to  400  cc.  of  water,  boiling  for  one-half  hour,  and  allowing  to  stand 
over  night.  In  the  morning  a  clear  fluid  could  be  obtained  by 
pipetting  off  the  water  from  which  the  starch  particles  had  settled 
to  the  bottom  of  the  flask.  This  was  then  added  to  serum  in  the 
proportions  of  serum  1  part,  starch  water  2  parts,  and  sterilized 
at  68°  C.  for  1  hour  on  6  consecutive  days.  A  medium  containing 
glycogen  1%  was  also  made. 
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A  test  of  these  media  showed  that  in  both  of  them  the  pneimio- 
coccus  not  only  grew  readily  but  induced  a  coagulum  in  the  glycogen 
as  well  as  in  the  starch  medium,  and  this  often  within  24  hours,  at 
37°  C.  The  streptococcus  cultures  gi-ew  well,  biat,  as  in  the  first 
experiment,  did  not  coagulate  the  starch  medium  readily,  nor  bring 
about  coag-ulation  of  the  glycogen  serum,  except  after  many  days, 
and  in  some  cases  apparently  were  not  able  to  do  this  at  all. 

Having  proved  by  this  preliminary  experiment  that  growth  of 
pueumococci  and  streptococci  would  take  place  in  serum  diluted  with 
distilled  water,  it  was  possible  thereafter  to  avoid  the  complicating 
factors  incident  to  the  use  of  broth. 

Besides  the  starch  and  glycogen  media,  already  mentioned,  tests 
were  made  also  with  aqueous  serum  media  plus  dextrose,  lactose, 
galactose,  maltose,  saccharose.  All  of  these  mono-  di-  and  poly- 
saccharids  were  readily  and  rapidly  used  by  the  pneumococci,  and 
gave  rise  in  all  cases  to  acid  suificient  to  cause  the  coagulation  of 
the  albuminous  material  in  the  serum.  The  streptococcus  cultures 
as  a  rule  readily  fermented  dextrose,  galactose,  and  the  maltose 
(commercial  specimen),  less  readily  lactose  and  saccharose;  but 
starch  and  glycogen,  as  noted  above,  if  changed  at  all,  were  usually 
only  sufficiently  affected  by  the  streptococci  to  give  rise  to  coagula- 
tion after  many  days  and  after  some  evaporation  from  remaining 
at  37°  C. 

These  results  indicated  a  marked  difference  in  degree,  but  not 
necessarily  in  kind,  between  the  fermentative  power  of  the  pneu- 
mococcus  and  streptococcals  cultures  as  a  class.  Xo  perfectly  dis- 
tinct differentiation,  however,  had  so  far  been  obtained  between  the 
pneumococcus  and  all  of  the  streptococcus  cultures  tested. 

CuLTUEE  Experiments  with  Alkaline  Seeum-Watek  Media, 
Sterilized  at  100°  C. — It  was  realized  that  diastasic  action  going 
on  during  the  preparation  of  the  media  might  affect  the  result  of 
these  experiments.  Changes  might  thus  be  brought  about  either  by 
the  diastase  and  maltase   (glucase)    and  glycolylic  ferments  of  the 
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blood  or  by  the  action  of  contaminating  bacteria  or  their  accompany- 
ing ferments  during  the  long  process  of  low  temperature  sterilization 
at  65°-70°  C. 

The  diastasic  action  of  beef  serum,  as  was  demonstrated  in  some 
experiments,  in  such  mixtures  as  those  used  by  me,  was  exceedingly 
rapid  and  well  marked,  as  was  also  the  action  of  maltase.  Starch 
sermn  mixtures  rapidly  failed  to  give  the  blue  reaction  with  iodine, 
and  after  standing  for  a  few  hours  or  even  less  at  the  room  tem- 
perature failed  to  give  even  the  bro\vn  reaction  indicating  the  pres- 
ence of  erythrodextrin.  Those  heated  to  65°-70°  C.  failed  in  these 
reactions  even  sooner.  This  change  must  be  equally  true  in  the 
case  of  glycogen,  and  indicated  that  our  results  were  not  necessarily 
due  to  the  action  of  our  organism  on  pure  starch  or  glycogen,  but 
probably  on  some  product  of  the  fermentation  of  these  substances 
by  the  enzymes  of  the  blood  or  by  bacteria  present  during  their 
preparation.  Aside  from  these  complications,  low  temperature 
sterilizations  are  at  best  tedious  and  imsatisfactory.  An  attempt 
was  therefore  made  to  eliminate  these  factors  of  uncertainty  in  the 
preparation  of  the  media. 

The  first  experiment  was  made  by  adding  small  amounts  of  alkali 
to  the  serum-Avater  media,  made  as  above  by  adding  1  part  of  beef- 
serimi  to  2  parts  of  distilled  water,  with  the  object  of  converting  the 
proteids  into  alkali  albuminates  which  could  be  boiled  without  coag- 
ulating. 

By  the  addition  of  1  cc.  7i/l  XaOH  to  the  serum  water,  a  per- 
fectly clear  fluid  resulted  which  could  be  sterilized  at  100°  C,  and 
remain  imcoagulated  and  clear.  One-half  per  cent  n/1  NaOH 
also  gave  a  non-coagulable  mediimi,  but  was  not  quite  as  clear  after 
boiling  as  the  1%.  Such  media  are,  however,  open  to  the  objection 
that  the  sugars  or  starches  may  be  changed  when  boiled  in  the  pres- 
ence of  an  alkali.  Gradual  reductions  of  the  alkali  content  were 
therefore  practised  and  it  was  eventually  found  that  no  added  alkali 
was  needed  to  prevent  coagulation  in  mixtures  in  the  proportion  of 
one  part  of  ox-serum  to  two  parts  of  distilled  water.     Such  a  nietliuni. 
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although  becoming  opalescent  at  boiling  temperature,  remains  per- 
fectly fluid,  and  is  available  as  a  nutrient  base  for  such  sugar  tests. 

Before  these  last  resiilts  were  obtained,  tests  were  made  with  the 
alkaline  media  plus  some  of  the  sugars,  and  also  with  the  plain  alka- 
line medium.  The  sugar  tests  showed  nothing  especially  worth 
noting  except  that  a  longer  interval  elapsed  before  the  coagulation 
of  the  albumins  took  place,  this  being  due  to  the  additional  allcali 
which  had  to  be  neutralized. 

The  chief  point  of  interest  and  value  developed  in  connection  with 
the  use  of  a  medium  without  sugar  but  which  had  been  rendered 
slightly  alkaline  by  the  addition  of  0.2%  of  n/1  XaOH.  In  this 
medium  the  pueiimococcus  cultures  invariably  gave  rise  to  an  opales- 
cence, a  gradual  whitening  and  tinal  gelatinizatiou  and  coagulation. 
The  amount  of  alkali  was  afterwards  reduced  to  0.1%  n/1  ISTaOH, 
and  this  medium  was  found  to  give  rise  when  grown  in  the  incubator 
at  37^  C.  to  the  same  opalescence  ami  whitening  after  about  48 
hours,  with  a  firm  coagulation  after  some  days,  dei^ending  upon  the 
culture  tested.  As  may  be  seen  in  the  appended  Table  I,  no  strep- 
tococcus cultiares  bring  aboiit  visible  changes  in  this  medium. 

We  thus  have  in  this  alkaline  medium,  made  of  one  part  of  o.r- 
seiiim  and  two  farts  of  distilled  ivater  plus  0.1'yr  n/1  NaOH  and 
sterilized  at  100°  C,  a  means  of  differentiating  the  pneuniococcus 
from  various  cultures  of  streptococci,  and  so  far  as  my  experience 
goes  from  all.  The  behavior  of  the  pneuniococcus  in  this  medium 
seems  to  indicate  a  fimdamental  difference  in  its  metabolism  from 
that  of  the  streptococci.  Upon  what  metabolic  process  and  nutrient 
ingredients  this  formation  of  acid  depends  has  not  as  yet  been 
determined. 
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CcLTUEE  EXPEEIIIEXTS    WITH    SerUM-WaTEK   MeDIA,    StEEILIZED 

AT  100°  C. — After  it  had  been  observed  that  a  mixture  of  oue 
part  of  beef-sermn  and  two  jiarts  of  distilled  water  could  be  Ijoiled 
and  thus  sterilized  without  precipitating  the  albuminous  materials 
present,  media  were  prepared  in  this  manner,  containing  1%  of 
various  carbohydrates — thus,  dextrose,  galactose,  maltose,  lactose, 
saccharose,  dextrin,  starch,  glycogen,  and  inulin.  These  carbohy- 
drates, with  the  exception  of  the  maltose,  which  was  a  fair  commer- 
cial sample,  were  of  high  purity,  the  galactose,  lactose  and  glycogen 
having  been  especially  prepared  and  tested  for  this  work.  Such 
precautions,  it  need  hardly  be  remarked,  are  absolutely  essential  to 
the  success  of  these  exj^eriments.  Samples  of  glycogen  made  by 
manufacturers,  and  bought  in  the  open  market,  gave  results  totally 
at  variance  with  those  obtained  Avhen  the  specially  prepared  glycogen 
was  tested.  More  readily  fermentable  carbohydrates  were  always 
found  to  be  present  with  the  glycogen  in  manufacturers'  samples. 

This  series  of  experiments  with  the  carbohydrates  showed  that  the 
monosaccharids  —  dextrose,  leAnilose,  galactose  —  were  fermented 
readily  by  practically  all  streptococci  as  well  as  by  the  pneumococci. 
This  is  true  also  of  the  disaccharids — maltose,  lactose,  saccharose — as 
regards  the  streptococci  as  a  class,  but  the  development  of  the  coagu- 
lum  may  be  much  slower  than  in  the  case  of  the  monosaccharids,  and 
with  certain  cultures  of  streptococci  it  may  be  will  not  occur  at  all.' 
In  the  case  of  the  polysaccharids — dextrin,  starch  and  glycogen — 
coagiilation  usually  takes  place  only  after  many  days  in  streptococcus 
cultures,  and  in  some  cultures  apparently  does  not  occur.  The  non- 
coagulation  is  more  frequent  with  glycogen  than  with  starch.  Inuliu, 
however,  is  not  fermented  by  any  of  the  streptococci,  although  it  is 
readily  used  by  the  pneiimococci  in  siich  serum  media.  Growing  in 
such  an  inulin  medium,  the  pneumococcus  rapidly  gives  rise  to  acid, 
which  leads  to  the  formation  of  a  solid  white  coagulum  which  is 

These  samples  of  glycogeu,  lactose  and  galactose  were  especially  prepared  for  me 
by  Dr.  A.  N.  Richards,  to  whom  my  sincere  thanks  are  due. 

'This  subject  will  be  discussed  more  fully  in  a  later  paper  on  the  fermentative 
power  of  the  streptococcus  group. 
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usually  complete  withiu  -iS  hours.  Bt  the  use  of  this  medium  a 
rapid  and  constaut  differentiation  can  be  obtained  between  pneumo- 
cocci  and  the  streptococcus  pyogenes  group. 

The  differences  in  behavior  of  the  streptococci  in  inulin  from  their 
behavior  in  starch  and  glycogen — the  constancy  of  the  non-coagula- 
tion— may  in  part  be  accounted  for  by  the  character  of  the  inulin 
itself.  Iniilin  is  obtained  chemically  pure  and  is  therefore  free  from, 
contamination  with  more  readily  fermentable  carbohydrates.  Fur- 
thermore, it  apparently  is  not  hydrolized  during  boiling  in  such  a 
serum  mediiim,  nor  is  it  affected  by  the  diastasic  ferment  present  in 
the  blood  serum.  Glycogen,  on  the  other  hand,  is  only  obtained  in  a 
comparatively  pure  state  with  difficulty,  is  probably  hydrolized  to 
some  extent  by  boiling  after  it  is  added  to  the  medium,  and  is  readily 
acted  upon  by  the  diastase  of  the  blood,  and  subsequently  by  the 
maltase,  if  the  preparation  be  not  rapidly  carried  on  or  the  serum- 
water  heated  previous  to  its  addition.  These  facts  may  account  for 
some  discrepant  results,  although  some  are  most  likely  d\ie  to  differ- 
ences in  action  of  the  streptococci,  and  may  indicate  fundamental 
differences  in  their  physiology. 

Preparation  of  inulin  serum-water  medium. — The  inulin  medium 
is  satisfactorily  prepared  as  follows:  To  one  part  of  fresh,  clear 
beef-serum  is  added  two  parts  of  distilled  water,  and  to  this  mixture 
is  added  1%  of  pure  inulin.  The  inulin  goes  into  solution  slowly  in 
the  cold,  and  the  mixture  may  be  warmed  to  55°-60°  C.  to  hasten 
this  solution.'  As  soon  as  the  inulin  is  dissolved,  the  medium  should 
be  tubed,  and  sterilized  immediately  at  100°  C.  for  ten  minutes.* 
This  sterilization  is  repeated  on  the  two  following  days.  The  me- 
dium prepared  in  this  way  usually  becomes  only  slightly  turbid,  and 
no  unfavorable  changes  occur  in  it. 

While  this  is  a  favorable  method  of  preparing  the  inulin  medium 
and  no  hydrolization  or  change  of  the  inulin  is  effected  by  the  action 

*  The  inulin  may  be  dissolved  in  the  distilled  water  before  it  is  added  to  the  serum. 

"Very  resistant  spores  are  at  times  present  in  inulin.  The  usual  three  heatings  are 
then  not  sufflcient,  and  the  medium  should  be  sterilized  in  the  autoclave,  at  10  to  15 
pounds  for  15  minutes. 
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of  the  enzymes  of  the  serum,  it  may  also  be  prepared  by  first  heating 
the  serum-water  mixture  to  100°  C.  for  some  minutes  and  then  adding 
the  inulin.  This  method  should  always  be  followed  in  prej^aring 
other  carbohydrate  serum-water  media.  Litmus  solution  (ilerck's 
highly  purified  litmus,  5%  sohition  in  distilled  water)  may  be  added 
to  this  media  in  the  proportion  of  1%,  and  changes  in  reaction  thus 
detected  by  the  color  change. 

Since  sera,  even  from  the  same  species  of  animal,  differ  at  times 
in  their  initial  degree  of  alkalinity  and  salt  content,  specimens  are 
met  with,  though  rarely,  which  are  of  so  low  an  alkalinity  or  have  so 
high  a  salt  content  that  media  made  from  them  are  extremely  white 
and  opaque,  and  near  the  point  of  heat  coagiilation.  Such  media 
should  not  be  used. 

The  results  of  tests  of  various  pneuniococcus  and  streptococcus 
cultures  in  1%  inulin  serum  are  shown  in  Table  II.  It  will  be  seen 
that  the  pneumococcus  cultures  tested  usually  coagulated  the  serum 
within  48  hours,  while  the  streptococcus  cultures,  28  of  which  were 
tested,  were  without  effect,  although  all  of  them  grew  at  least  feebly 
in  the  medium. 

Summary  of  Culture  Experiments. — It  is  plain  from  the  fore- 
going experiments  that  the  pneumococcus  has  a  remarkable  ability  to 
utilize  carbohydrates  in  its  metabolic  processes — all  mono-,  di-  and 
polysaccharids  that  were  tested  being  rapidly  fermented  by  it  as 
demonstrated  by  the  production  of  acid.  Further  than  this,  the 
pneumococciis  can  produce  sufficient  acid  to  give  rise  to  a  coagulum 
in  a  serum  medium  which  is  sugar  free,  or  which  at  least  does  not 
contain  enough  fermentable  saccharine  matter  for  the  production  of 
appreciable  acid  by  such  well-known  fermenting  organisms  as  the 
colon  bacillus  and  the  typhoid  bacillus,  which  readily  give  rise  to 
acid  in  the  presence  of  glucose. 

The  streptococci,  on  the  other  hand,  have  apparently  more  limited 
and  certainly  less  active  fermentative  powers.  While  they  usually 
ferment  the  monosaccharids  and  in  most  instances  the  disaccharids 
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rapidly  and  with  ease,  the  polysaccharids  they  either  do  not  ferment 
at  all  or  very  slowly.  Glycogen  and  starch  are  fermented  only  by 
certain  species  or  races  of  the  streptococci ;  imilin  is  fermented  by 
none  so  far  tested.  Furthermore,  an  aj^preciable  amount  of  acid  is 
not  produced  in  sugar-free  serum  media  by  any  streptococcus  pyo- 
genes so  far  as  our  experience  goes. 

We  may  assume,  therefore — although  one  hesitates  to  dogmatize 
even  after  extended  experiments  on  a  group  of  organisms  whose 
physiology  is  so  little  understood — that  there  are  distinct  differences 
in  respect  to  the  physiological  processes  of  these  two  forms,  or  to 
speak  more  correctly,  of  the  pneumococcus  on  one  side  and  the  strep- 
tococcus group  on  the  other. 

The  relationship  of  these  organisms  may  be  compared  to  that  which 
exists  between  typhoid  bacilli  and  the  bacilli  of  the  Gartner-colon 
group.  The  pneumococci  resemble  the  typhoid  bacilli  in  the  dis- 
tinctness and  apparent  permanence  of  their  cultural  characters,  while 
the  streptococci  seem  to  form  a  group  which  resembles  the  Gartner- 
colon  gTOuj)  in  presenting  grades  of  fermentative  activity,  and  espe- 
cially as  this  activity  is  disjDlayed  by  the  streptococci  in  such  aqueous 
serum  media  as  those  used  in  these  experiments.  In  making  this 
comparison  it  is  recognized  that  the  pneumococcus  is  to  be  known  by 
l^ositive  cultural  characters  as  shown  by  its  ability  to  ferment  the 
various  mono-,  di-  and  polysaccharids,  while  the  typhoid  bacilli  are 
chiefly  distinguished  in  comparison  with  the  members  of  the  Gartner- 
colon  group  by  the  absence  of  certain  physiological  activities,  such 
as  gas  and  indol  production  and  the  coagulation  of  milk.  Still  by 
this  comparison  it  is  simply  desired  to  emphasize  the  co-extensiveness 
<:if  the  characters,  as  shown  by  these  experiments,  of  the  organisms 
commonly  recognized  as  pneumococci,  as  compared  with  the  variety 
or  variability  of  the  characters  displayed  by  organisms  which  would 
ordinarily  be  classed  as  streptococci,  and  i:irobably  as  streptococcus 
pyogenes. 
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ZXPEKIilEXTS    ox    THE    DEMOXSTEATION    AXD    STAIXIXG    OF    CAPSVLES 
OX   PXEUMOCOCCI  AXD   STREPTOCOCCI. 

Welch's  stain  for  capsules  \Ta3  the  staiu  constantly  used  in  the 
earlier  of  these  experiments,  and  as  a  rule  gave  excellent  results. 
Certain  conditions,  however,  at  times  arose  in  some  of  the  CTiltures 
which  interfered  with  the  success  of  this  stain,  and  I  was  thus  led 
to  seek  other  methods  of  staining  and  of  demonstrating  the  capsules 
on  pneumococci. 

Xew  Methods  Devised  foe  Staixixg  Capsules. — After  many 
experiments  it  was  foimd  that  a  very  satisfactory  and  rapid  staining 
of  the  pneumococcus  capsules  could  be  effected  by  the  following 
method : 

Potas&ium  carbonate  method. — This  method  consists  in  using  as  a 
dye  a  half-saturated  aqueous  solution  of  gentian  violet."  This  is 
applied  for  a  few  seconds  to  the  cover-glass  preparation,  which  has 
previously  been  allowed  to  dry  in  the  air,  and  has  been  fixed  by  heat 
in  the  usual  manner.  Xo  water  must  be  used  in  diluting  and  spread- 
ing the  organisms  on  the  cover-glass.  If  the  organisms  come  from  a 
solid  mediimi  or  fluid  medium  other  than  fluid  sera,  some  other  dilut- 
ing and  spreading  fluid  such  as  will  be  described  later  must  be  used. 
The  dye  is  washed  off  with  a  one-fourth  per  cent  (0.25%)  aqueous 
solution  of  potassium  carbonate  and  the  specimen  is  studied  in  this 
fluid.  The  cover-glass  may  be  sealed  on  the  slide  by  rimming  with 
vaseline,  and  evaporation  thus  prevented.  This  stain  gives  remark- 
able results  when  used  on  pneumococci  either  from  fluid  or  hardened 
serum  media  or  from  the  body  fluids.  (See  Figs.  1,  3,  4.)  The 
capsules  are  large,  prominent,  and  are  either  stained  throughout,  or 
their  periphery  appears  as  a  dark  line  or  layer,  the  part  next  to  the 
deeply  stained  diplococci  being  less  intensely  stained  than  the  per- 
iphery. This  appearance  may  be  due  in  part  to  a  precipitation  of 
the  dye  on  the  exterior  of  the  capsules  by  the  potassium  carbonate. 

'"Gentian  violet  in  substance  is  added  in  excess  to  distilled  water  and  allowed  to 
dissolve  to  its  full  extent.  The  solution  is  then  filtered,  and  diluted  to  twice  its 
volume. 
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Very  fair  capsule  stains  may  also  be  obtained  by  simply  staining  for 
about  thirty  seconds  with  the  ordinary  aqueous  gentian  violet  solution 
(5  CO.  sat.  ale.  sol.  to  95  ce.  of  distilled  water)  and  then  washing  with  a 
1%  potassium  carbonate  solution  and  studying  the  specimen  in  the  fluid. 

Preparations  stained  by  the  potassium  carbonate  method  may  at 
times  give  satisfactory  results  when  dried  and  motinted  in  balsam 
(preferably  gum  Damar),  but  this  is  not  the  rule. 

The  following  method,  however,  is  eminently  satisfactory  when  it 
is  desired  to  mount  specimens  of  pneumococci  with  capsules  in  balsam. 

Copper  sulphate  method. — In  this  method  a  5%  or  10%  aqueous 
solution  of  gentian  violet  or  fuchsin  (5  cc.  sat.  ale.  sol.  to  95  cc.  dis- 
tilled water)  is  placed  on  the  preparation,  which  has  been  prepared 
as  previously  indicated.  The  dye  is  allowed  to  steam  for  a  few  sec- 
onds, by  gradually  passing  the  cover-glass  downwards  through  the 
flame  several  times.  After  this  the  staining  fluid  is  washed  off  with 
a  20%  solution  of  copper  sulphate.  This  solution  may  vary  from 
10%  to  saturation,  but  the  medium  strength,  20%,  is  generally  sat- 
isfactory. After  washing  with  copper  sulphate,  the  preparation  is 
dried  between  filter  papers  and  when  thoroughly  dry  moiinted  in 
balsam.  The  caj^sules  remain  of  normal  size,  stained,  and  distinct. 
(Figure  2.) 

ObSEEVATIOXS    AXD    ExPEElilENTS     ON     MedIA    AXD     CONDITIONS 

Favokable  to  Capsule  Development  and  Staining. — The  most 
favorable  conditions  knowm  for  the  development  of  the  pueumo- 
coccus  capsule  are  foimd  in  body  fluids  of  man  and  animals  suffering 
from  an  infection  with  this  organism.  For  instance,  capsules  may 
be  demonstrated  with  ease  by  the  usual  methods  in  the  blood,  serum 
and  inflammatory  exudates  of  the  infected  rabbit  which  is,  among 
test  animals,  one  of  the  most  favorable  for  these  experiments.  Cap- 
sules may  be  equally  well  marked  in  the  fresh  sputum  of  pneumonia 
patients,  especially  in  the  early  stages  of  the  disease,  and  in  the  exu- 
dates accompanying  such  pneumococcus  infections  as  meningitis, 
otitis  media,  and  empyaema.     In  sj^utnm  and  the  exudates  of  these 
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varicms  localized  infections  the  organisms  are,  however,  frequently 
degenerated  or  under  chemical  conditions  unfavorable  for  capsule 
staining,  and  satisfactory  results  are  then  not  easily  to  be  obtained. 
The  same  is  true  of  the  scrapings  from  lungs  of  patients  dead  of 
pneumonia,  often  even  in  the  stage  of  red  hepatization.  Under 
these  conditions  a  longer  exposure  to  the  staining  reagent  is  neees- 
sai'v,  before  the  organisms  and  capsules  are  brought  into  prominence, 
and  even  then  the  results  in  nowise  compare  to  those  obtained  with 
organisms  in  fresh  sputum  or  the  body  fluids  of  such  an  animal  as 
the  rabbit. 

It  was  shown  by  Ortman  (10),  as  early  as  ISSS,  that  outside  of 
the  animal  or  human  body  pueumococci  regailarly  developed  capsules 
when  cultivated  in  blood  serum.  Welch  "  in  1892  and  Paulsen  (11) 
in  1893  called  attention  to  the  development  of  capsules  on  these 
organisms  in  milk,  and  Schmidt  (12)  showed  that  sputum  media 
favored  the  formation  or  preservation  of  pneumococcus  capsules. 
Schabad  (13)  made  a  similar  observation  in  1896  in  regard  to  blood 
agar.  Frosch  and  Kolle  (14)  refer  to  the  demonstration  of  capsules 
on  pneumococci  cultivated  in  Guarnieri's  medium,  and  rather  indefi- 
nite statements  in  regard  to  capsules  on  pneumococci  coming  from 
broth  and  other  cultivations  may  be  foimd  in  various  articles  on  the 
pneumococci. 

In  my  own  work,  most  of  these  experiments  have  been  repeated 
and  the  results  confirmed.  In  the  serum  media  of  various  compo- 
sition used  during  the  experiments  on  the  physiological  differentia- 
tion of  pneumococci  and  streptococci,  the  juieumococci  not  only  grew 
readily  but  developed  distinct  and  well-mai'ked  capsules.  This  cap- 
sule formation  seems  to  be  independent  of  the  length  of  time  the 
organism  has  been  under  artificial  cultivation.  One  of  the  most 
favoralde  media  of  all  for  the  development  of  capsules  was  that  made 
of  Ifo  starch-l)ouillon  and  serum — scrum  1  part,  Ixniilloii  plus  1% 
starch  2  parts — and  sterilized  at  65°-70°  C.  In  lliis  medium, 
according  to  my  experience,  capsules  are  developed  with  great  regu- 
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larity  and  may  be  stained  withont  dilSciilty.  The  same  is  true  of 
pneumococci  gro^\Ti  on  Loeffler's  coagulated  blood  serum,  or  on  coagu- 
lated serum  without  glucose;  and  these  organisms  may  be  prepared 
for  staining  by  simply  spreading  them  on  the  cover-glass  in  some  of 
the  condensation  water  from  the  serum  tube.  This  use  of  condensa- 
tion water  may  also  be  successful  in  the  case  of  organisms  growing 
on  plain  or  glycerine  agar,  but  the  most  successful  method  to  preserve 
or  perhaps  to  accentuate  the  capsule  on  pneumococci  or  streptococci 
coming  from  artificial  media,  other  than  fluid  serum  media,  is  to 
use  a  drop  of  serum  as  the  diluting  and  spreading  fluid  for  the 
cover-glass  preparations.  Some  of  the  carbohydrate  serum  mixtures, 
such  as  the  starch  or  glycogen  media  and  the  alkaline  media,  often 
serve  this  purpose  better  than  unmodified  or  fresh  serum. 

My  first  experiments  in  this  direction  were  with  the  serum  starch 
mixtures  used  for  cultural  purposes.  It  occurred  to  me  that  such 
a  fluid  in  which  the  pneumocococcus  capsules  were  always  present  and 
demonstrable  by  staining  might  serve  to  preserve  or  even  develop 
them  on  organisms  when  these  were  transferred  to  a  drop  of  the 
fluid  from  various  artificial  media,  such  as  broth,  agar,  etc.  This 
is  successful  with  pneiimococcus  nearly  without  exception,  and  the 
presence  of  a  capsule  bears  little  relation  to  the  time  the  organism 
has  been  cultivated  artificially,  or  the  medium  from  which  it  comes. 
It  is  well,  however,  to  have  fresh  cultures,  say  usually  not  over  24 
hours  old. 

It  is  to  be  noted  that  such  a  fixing  medium  does  not  bring  the 
capsiile  into  prominence  by  simply  serving  as  a  deeply  stained  back- 
ground and  leaving  unstained  around  the  organisms  the  so-called 
"  retraction  zone."  By  the  potassium  carbonate  method  the  diluting 
medium  often  remains  practically  unstained,  while  the  capsule 
stands  out  plainly,  either  stained  definitely  throughout,  or  with  a 
distinct  peripheral  line  or  layer  which  shows  to  perfection  when  the 
organism  is  free  from  surrounding  detritus.  In  the  copper  sulphate 
method  the  capsules  stain  uniformly  while  the  field  may  or  may  not 
be  free  from  detritus. 
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In  smears  from  the  serum  of  infected  animals,  i.  e.,  rabbits  with 
pneumococcus,  the  potassium  carbonate  method  leaves  evervtliing 
practically  unstained  but  the  organisms  and  their  capsules.  Of 
course,  if  blood  cells  are  present  they  take  the  stain  to  some  extent. 

With  the  copper  sulphate  method  the  serum  is  stained,  but  is  con- 
tracted into  threads  and  masses,  and  does  not  give  a  uniform  back- 
ground.     (Figure  2.) 

The  following  experiment  made  with  a  bacillus  isolated  in  com- 
pany with  a  streptococcus  from  a  case  of  endocarditis,  but  probably 
having  no  etiological  significance,  shows  the  advantage  in  staining 
capsules  of  preparations  made  with  serum  or  serum  mixtures.  A 
smear  was  made  directly  on  a  cover-slip  from  an  agar  ciilture,  no 
diluting  fluid  being  used.  By  the  potassium  carbonate  method  a 
small  capsule  was  demonstrated.  When,  however,  it  was  mixed  on 
the  cover-glass  with  some  seriun  (glycogen  serum)  and  stained  by 
the  same  method,  very  large  capsules  were  found.  In  some  instances 
the  bacilli  could  be  seen  dislodged  from  their  central  position  in  the 
capsules  and  sticking  half  way  out  of  them;  in  other  instances  the 
bacilli  were  seen  entirely  free  and  lying  naked  alongside  of  the~ 
empty  capsiiles.  The  photograph  of  this  specimen  was  made  from  a 
preparation  stained  with  aqueous  gentian  violet,  washed  with  0.25% 
sol.  of  potassic  carbonate,  dried  and  mounted  in  balsam.  (Figure 
12.) 

DEMo^•sTEATIO^'  AXD  SxAixiXG  OF  Capsules  OX  Steeptococci. — 
In  determining  the  growth  of  the  streptococci  in  the  various  experi- 
mental media,  the  cover-glass  preparations  were' often  stained  by  the 
same  method  (KjCOs)  as  that  used  to  demonstrate  the  capsule  of 
the  pneumococcus.  In  this  way  the  fact  was  brought  to  light  that 
the  streptococci  of  the  cultures  tested  were  possessed  of  capsules, 
which  stained  or  were  maile  visible  by  these  methods.  This  was 
especially  true  of  cultures  in  sugar  serum  media,  and  in  the 
more  alkaline  seriim  media.  In  some  cultures  the  capsules  were  quite 
as  sharp  and  as  well-defined  as  those  of  the  pncumocuccus ;  in  othei-s 
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tliev  were  less  well  marked,  and  in  some  appeared  as  if  in  a  semi- 
fluid state  and  on  the  point  of  dissolving.  In  these  last,  when  several 
organisms  were  massed  together,  their  capsules  seemed  to  coalesce. 
This,  however,  may  occur  with  pneumococcus  capsules,  though  it  is 
by  no  means  so  frequent. 

Source  of  the  Streptococcus  Cultures  Used  in  these  Experiments. — 
The  source  of  the  various  streptococci  which  have  been  used  in  the 
experiments  will  be  of  interest  in  this  connection,  since,  as  was  noted  in 
the  earlier  part  of  this  paper,  the  presence  of  capsules  on  certain  strep- 
tococci has  been  looked  upon  as  a  character  sufficient  to  place  them  in 
separate  species. 

The  cultures  enumerated  are  those  which  have  been  used  in  all  of  the 
cultural  and  capsule  tests. 

Xo.  1.  Isolated  from  milk,  ilay,  1898.  Has  been  cultivated  on  arti- 
ficial media  for  many  months. 

Xo.  2.  Isolated  from  human  throat  (diphtheria  suspected)  Xovem- 
ber  18,  1898.     Has  been  long  on  artificial  media. 

Xo.  3.  Isolated  from  an  abscess  of  a  horse  following  subcutaneous 
injection  of  diphtheria  toxin  (filtered),  May  IT.  1900.  Some  months 
at  least  on  artificial  media. 

Xo.  4.  Isolated  from  another  antitoxin  horse.  Xasal  discharge  due 
to  disease  of  nasal  sinus,  probably  necrosis  of  bone.     Xovember,  1901." 

Xo.  5.  Isolated  from  a  case  of  stippurative  pylephlebitis  in  man.  This 
organism  accompanied  a  bacillus  which  was  a  strict  anaerobe.'^ 

Xo.  T.     From  a  ease  of  appendicitis. 

Xo.  8.  Cidture  marked  "  M "  from  the  Eesearch  Laboratory.  De- 
partment of  Health,  X.  Y.     Isolated  from  a  case  of  erysipelas. 

Xo.  9.  Same  culture  as  "  8,"  but  grown  for  many  months  as  a  sepa- 
rate culture  under  slightly  different  cultural  conditions. 

Xo.  10.  Said  to  have  come  from  a  ease  of  scarlet  fever.  Eesearch 
Laboratory,  Department  of  Health,  X.  Y.     Marked  "  B." 

Xo.  11.  Present  in  pure  culture  in  the  urine  of  a  man  suffering  from 
a  marked  cystitis.  Patient  gave  history-  of  chronic  pyuria.  Capsules  on 
streptococci  in  the  original  urine  smears. 

'2 1  am  indebted  to  Dr.  Theobald  Smith  for  these  four  cultures.  They  were  labelled 
I,  lY,  VII,  X  in  the  order  enumerated  in  the  test. 

isSee  Norris,  Journal  of  Medical  Eesearch,  1901,  I,  97.  I  am  also  indebted  to 
Dr.  Norris  for  culture  7. 
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No.  12.  Eapid  ascending  cellulitis  of  leg.  Tissues  after  24  hours 
appeared  gangrenous.  Patient  showed  marked  signs  of  sepsis,  but 
eventually  recovered. 

Xo.  13.  Isolated  from  the  heart  blood  of  a  patient  showing  lesions  of 
endocarditis. 

Xo.  14.     Isolated  from  human  uterus.     Puerperal  sepsis." 

These  cultures  from  such  widely  different  sources  present  the  usual 
characters  ascribed  to  streptococcus  pyogenes,  and  so  far  as  I  have 
studied  them,  are  not  to  be  differentiated  from  one  another  by  the 
ordinary  cultural  tests.  Morphologically  they  do  not  present  more  than 
the  ordinary  slight  differences  which  may  be  probably  attributed  to 
slight  variations  in  physical  and  chemical  environment,  rather  than  to 
constant  inherent  differences  in  the  organisms  themselves. 

All  of  them  coagulate  milk  after  a  varying  niimber  of  days,  and  grow 
in  gelatin  at  the  room  temperature.  Xos.  8,  9  and  10  developed  tardily 
in  gelatin,  did  not  extend  along  the  puncture  to  the  surface  of  the 
medium,  but  grew  along  the  lower  half  of  the  line  of  inoculation.  All 
of  the  other  cultures  grew  readily  in  gelatin,  some  of  them  spreading 
slightly  away  from  the  point  of  inoculation  on  the  surface  of  the  medium. 

The  broth  cultures  were  not  especially  noteworthy,  except  in  the  differ- 
ent behavior  of  the  same  organism  when  tested  in  broth  containing  sugars, 
and  in  sugar-free  broth.  Either  flocculent  growth  or  uniform  clouding 
may  occur  according  to  the  character  of  the  broth  in  which  cultivations 
are  made.  Uniformly  clo\:ding  non-sugar  broth,  they  may  present  floc- 
culi  in  one  or  more  of  the  sugar  broths,  or  vice  versa,  according  to  the 
culture  tested.  These  characters  seem  to  be  independent  of  the  acid 
produced  in  the  medium.  I  note,  for  example,  organism  "  8."  glucose 
broth:  uniform  clouding,  dense;  plain  broth:  flocculi,  medium  amount 
of  growth.  Organism  "  12,"  plain  broth :  flocculi  small,  practically 
uniform  clouding;  glucose  broth:  flocculi  large,  plentiful  sticky  growth, 
organisms  in  very  long  chains. 

All  of  the  streptococci  from  the  above  described  sources  have 
been  found  to  possess  capsules  which  become  apparent  under  various 
conditions  when  stained  bv  the  methods  mentioned.  Streptococcus 
No.  11  had  a  well-marked  and  easily  stained  capsule  in  the  original 
urine  smear  preparations,  and  also  in  some  of  the  artificial  cultivn- 

'VSee  Wndswortlj,  Ameriean  Journal  of  Obstetrics,  1901,  XLIII,  No.  4. 
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tions,  especially  that  on  glycerine  agar,  and  on  senun  agar.  The 
same  is  true  of  streptococcus  'Ro.  7. 

The  pliotographs  of  most  of  the  preparations  were  taken  after 
the  organisms  had  been  cultivated  for  many  generations  on  arti- 
ficial media.  As  a  rule,  the  best  examples  were  given  by  cultures  on 
ascitic  serum  agar,  ily  best  results  with  streptococci  were  obtained 
with  organisms  coming  from  serum  (ascitic)  agar,  and  diluted  on 
the  cover-glass  in  a  drop  of  glycogen  serum  mixture  which  had  been 
sterilized  at  68^  C,  and  had  undergone  evaporation  to  about  one-half 
of  its  original  volume."  It  happened  that  the  chemical  and  physical 
condition  of  this  mixture  was  exceedingly  favorable  to  capsule  preser- 
vation. Most  of  the  photographs  of  streptococci  were  taken  from 
specimens  prepared  in  this  way,  dried  in  the  air,  fixed  in  the  flame, 
and  stained  by  the  method  in  which  a  half-saturated  aqueous  solu- 
tion of  gentian  violet  and  0.25%  potassium  carbonate  solution  are 
used.  Fine  clear  specimens  may  often  be  obtained  in  this  way,  when 
not  a  trace  of  capsule  can  be  demonstrated  on  the  organism  in  smears 
direct  from  fluid  or  other  artificial  media. 

These  experiments,  in  which  it  has  been  possible  to  demonstrate 
capsules  in  all  of  the  cultures  of  streptococci  tested  and  this  often 
after  long  cultivation  on  artificial  media,  suggest  that  to  place  strep- 
tococci which  have  been  found  by  the  usual  methods  possessed  of 
capsules,  in  a  different  specific  group  from  the  ordinary  streptococci 
pyogenes  is  not  warranted.  And  especially  is  this  true  if  this  char- 
acter is  the  sole  or  major  distinguishing  feature. 

In  the  present  or  immediately  preceding  history  of  such  cultures, 
conditions  favoring  the  development  of  capsiiles  may  have  existed 
and  thus  brought  the  capsule  formation  to  a  maximum.  Such  con- 
ditions may  have  been  foimd  in  the  animal  or  human  host,  or  as  in 
the  case  examined  by  me,  in  such  a  medium  as  an  albuminous  puru- 
lent urine.  Organisms  coming  from  such  sources,  and  cultivated  on 
artificial  media  might  well  display  this  character  for  some  time  sub- 

'5  So  attempt  has  as  yet  been  made  to  reproduce  this  medium. 
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seqiiently  more  highly  developed  than  it  is  among  their  fellows  which 
had  not  had  the  same  previous  history. 

I  have  noticed  that  pneumococci,  which  it  is  well  known  have 
particularly  well-marked  capsules  in  rabbit  blood  or  serum,  have  this 
character,  in  some  instances  at  least,  to  a  less  degree  in  the  serum  of 
guinea-pigs  which  have  succumbed  to  the  pneumococcus  infection. 

It  seems  more  advisable,  therefore,  in  the  present  state  of  our 
knowledge,  to  look  Tipon  capsule  formation  as  general  among  strepto- 
cocci, and  of  no  absolute  diagnostic  or  differential  significance.  It 
is  also  fair  to  conclude  that  unless  there  are  cultural  differences 
accomjianying  this  marked  development  of  the  capsule  on  organisms 
suspected  of  being  streptococci,  that  such  organisms  should  not  be 
placed  in  a  separate  specific  group. 

GENEKAL    SUilMARY    AND    CONCLrSIONS. 

By  morphological  examination  and  with  current  cultural  methods 
a  clear  differentiation  cannot  always  be  made  between  pneumococci 
and  streptococci.  The  chief  differential  character  usually  depended 
upon  is  the  capsule  of  the  pneumococcus.  Well-marked  cajisules, 
however,  may  occur  on  organisms  which  have  with  reason  been  classi- 
fied as  streptococci.  On  the  other  hand,  capsules  may  not  be  demon- 
strable on  pneumococci  by  the  usual  methods,  especially  when  grow- 
ing on  artificial  culture  media. 

The  usual  cultural  characters  and  reactions  are  at  best  not  diag- 
nostic, and  are  subject  to  variations  which  may  render  them  useless 
as  evidence  of  specific  difference. 

The  experiments  recorded  in  this  paper,  however,  afford  some 
evidence  that  there  arc  wcll-marl^od  differences  between  tlie  metaliolic 
activities  of  pneumococci  and  streptococci,  which  may  pro\-e  useful 
in  the  differentiation  of  these  organisms.  These  dift'erenccs  in 
metabolism  become  apparent  when  the  pneumococci  and  streptococci 
are  cultivated  in  an  alkaline  scrum  medium,  or  in  a  serum  medium 
to  wliich  the  carbohydrate,  inulin,  has  lieen  added. 

PuPHinococci  slowly  produce  acid  in  the  alkaline  scrum. 
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In  the  inulin  media  they  ferment  the  inulin  and  thus  rapidly 
give  rise  to  acid.  Streirtoeocci  do  not  form  appreeial)le  acid  in 
either  of  these  media,  nor  do  they  ferment  the  imilin. 

The  differences  between  the  metabolism  of  pnenmococci  and 
streptococci  are  indicated  by  visible  changes  in  the  media.  Thus 
the  alkaline  serum  and  the  inulin  serum  are  coagulated  by  the  acid 
formed  during  the  growth  of  the  pnetimococci.  This  coagulation  is 
rapid  in  the  inulin  serum  mediimi,  slower  in  the  alkaline  serum 
medium.  The  streptococci,  on  the  other  hand,  do  not  bring  about  a 
■coagulation  of  these  media. 

We  have,  therefore,  in  either  of  these  two  media,  the  alkaline  or 
the  inulin,  so  far  as  our  experience  goes,  a  definite  means  of  differ- 
entiating pnenmococci  from  streptococci. 

Starch  and  glycogen  media,  prepared  in  the  same  manner  as  the 
inulin  medium,  are  coagulated  by  pnenmococci  and  by  some  at  least 
of  the  streptococci.  With  the  streptococci  the  coagulation,  if  it 
occurs  at  all,  is  usually  long  delayed.  It  may  be  that  some  or  all  of 
the  streptococci  do  not  ferment  pure  starch  and  glycogen. 

Lactose,  saccharose  and  maltose  are  fermented  by  pneumococci 
Avith  the  production  of  acid,  thus  giving  rise  to  acid  coagula  in 
media  containing  serum.  Certain  members,  though  probably  not 
all,  of  the  Streptococcus  pyogenes  group  ferment  these  disaccharids — 
lactose,  saccharose,  maltose — hence  such  sugars  are  not  available  in 
media  used  to  differentiate  pneiunococci  from  streptococci  as  a  group. 

Monosaccharids — dextrose,  galactose,  possil>ly  all  monosaccha- 
xids — are  fermented  by  pneumococcus  and  the  various  memlsers 
(probably  all)  of  the  streptococcus  group.  Serum  media  containing 
these  sugars  are  rapidly  coagulated  by  the  resulting  acid. 

In  serum  media,  esj)ecially  starch-bouillon-serum,  sterilized  at 
■68°  C,  pnenmococci  usually  develop  well-marked  capsules.  In  some 
of  the  serum  media,  streptococcus  cultitres  may  at  times  have  demon- 
strable capsules. 

All  streptococci  examined,  which  by  the  usual  methods  would  he 
■classified  as  streptococcus  pyogenes,  have  been  foimd  to  possess  cap- 
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sules.  These  were  demonstrated  by  special  methods  and  stains  de- 
vised during  this  work. 

These  methods  and  stains  are  also  especially  applicable  to  the 
demonstration  and  staining  of  pneiimococcus  capsules. 

In  the  light  of  the  demonstration  of  capsules  on  streptococci,  the 
usual  morphological  basis  of  differentiation  of  streptococci  from 
pneumococci  appears  inseciire. 

This  is  also  true  of  the  separation  of  the  organisms  described  as 
capsulated  streptococci  into  species  distinct  from  streptococcus  pyo- 
genes, or  from  true  pneimiocoeci. 

This  separation  does  not  seem  warrantable  imless  other  and  espe- 
cially well-marked  cultural  diffei-ences  are  demonstrated,  which  dis- 
tinguish such  capsulated  streptococci  from  pneumococci  or  from 
streptococcus  pyogenes.  Well-marked  examples  of  organisms  which 
would  probably  be  described  as  capsulated  streptococci  have  been 
examined  during  these  experiments.  They  have  been  found  to  cor- 
respond to  streptococcus  pyogenes  when  cultivated  in  the  media  de- 
scribed in  this  paper. 

It  is  a  pleasiire  to  acknowledge  my  indebtedness  to  Dr.  Edward 
Learning  for  the  photographs  reproduced  in  the  plates. 
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DESCRIPTION  OF   PHOTOGRAPHS. 
Plate  XXIV. 

Fis-  1.  Pneumococcus  I  from  Loeffler's  blood  serum.  Spread  iu  coudeusation 
water.     Stained  by  potassium  carbonate  method.     2000  x . 

Fig.  2.  Pneumococcus  I  from  lieart  blood  of  rabbit.  Copper  sulphate  method. 
Mounted  in  balsam.     3000  x  . 

Plate  XXV. 

Fis.  3.  Pneumococcus  II  from  serum  agar.  Spread  ou  cover-glass  in  serum.  Pot. 
carbonate  method.     Mounted  in  K^COj  sol.     1000  x  . 

Fig.  i.  Pneumococcus  I  from  sugar  free  broth.  Spread  on  cover-glass  in  serum. 
Potassium  carbonate  method.     Mounted  in  K.^CO,,  sol.       1000  x  . 

Fig.  .5.  Streptococcus  I  from  serum  agar.  Spread  in  serum.  Potassium  carbonate 
method.     Mounted  in  KjCOj  sol.     1000  x  . 

FiG.  6.  Streptococcus  II  from  serum  agar.  Spread  iu  serum.  Potassium  carbon- 
ate method.     Mounted  in  K2CO3  sol.     1000  x  . 

Fig.  7.  Streptococcus  IV  from  serum  agar.  Spread  in  serum.  Potassium  carbon- 
ate method.     Mounted  in  K.jCOj  sol.      1000  x  . 

Fig.  8.  Streptococcus  VII  from  glycerine  agar.  Spread  in  serum.  Potassium 
carbonate  method.     Mounted  iu  K.COj  sol.      1000  x. 

Plate  XXVI. 

Fig.  9.  Streptococcus  IX  from  serum  agar.  Spread  in  serum.  Potassium  carbon- 
ate method.     Mounted  in  K^COj  sol.      1000  x  . 

Fig.  10.  Streptococcus  XI  from  serum  agar.  Spread  in  serum.  Potassium  carbon- 
ate method.     Mounted  in  K,^C03  sol.      1000  x  . 

Fig.  11.  Streptococcus  XIV  from  serum  agar.  Spread  in  serum.  Potassium  car- 
bonate method.     Mounted  iu  K.,C03  sol.      1000  x  . 

Fig.  12.  Capsulated  bacillus  from  agar.  Spread  in  serum.  Potassium  carbonate 
method.     Mounted  in  balsam.     1000  x  . 
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STUDIES  IN  HAEMOLYSIS  WITH  SPECIAL  REFERENCE 

TO  THE  PROPERTIES  OF  THE  BLOOD  AND  BODY 

FLUIDS  OF  HUMAN  BEINGS. 

Br  H.  T.   MARSHALL,  M.  D.,  Fellow  of   the  Rockefeller  Institute  for 
Medical  Research.  ' 

{From  the  Boyal   Institute  for  Experimental  Therapy,   Frankfort-on-the-Main.      Oeh.  R. 
Prof.  Dr.  P.  Ehrlich,  Director.) 

A.  COMPAEISON    OB'    THE    ReCF.PTORS    OF    TItE    ReD    BlOOD-CoE- 

puscLES  OF  Man  and  of  the  Monkey  {Makahus  rhesus,  and  M. 
cynomolgiis) . 

B.  Behaviok  of  Human  Blood-Coepuscles  in  the  Presence 
of  Seeum  feom  Various  Animals,  and  the  Haemolytic  Peopee- 
TiES  of  Normal  Human  Seeum. 

C.  Haemolytic  Peoperties  of  Human  Transudates  and 
Exudates. 

A.  comparison  of  the  receptors  of  the  red  blood-coepuscles 

of  man  and  of  the  monkey  {Makalcus  rliesus,  and 

M.  cynomolgus.) 

The  comparative  study  of  the  hody  cells  of  man  and  of  those 
animals  that  are  zoologically  nearly  related  is  not  only  of  great 
theoretical  interest,  but  also  depends  upon  important  practical  con- 
siderations.' Attention  has  already  been  called  to  this  point  by 
Ehrlich/  who  said  in  his  address  at  Hamburg :  "  I  think  it  probable 
that  the  isotoxins  will  play  a  great  role  in  diagnosis  and  pathology. 
MetschnikofF  found  that,  when  he  produced  a  chromic  acid  nephritis 
in  dogs,  an  isonephrotoxin  developed  in  their  blood  serum,  as  was 

'  Aided  by  a  grant  from  the  Rockefeller  Institute  for  Medical  Research. 

'Ehrlich,  die  Schutzstoffe  des  Blutes.  Vortrag  auf  der  73.  'Versammliing  deutsch- 
er  Naturforscher  und  Aertzte,  Hamburg,  1901.  Deutsche  med.  Wochetischrift,  1901, 
xxvii,  865,  888,  913. 
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shown  bv  the  fact  that  this  serum  produced  a  nephritis  when  injected 
into  normal  dogs.  It  is  more  than  probable  that  the  most  diverse 
isotoxins  may  occur  in  human  beings — as  has  already  been  demon- 
strated with  certainty  in  the  case  of  the  blood  by  various  authors, 
among  whom  are  Landsteiner  and  Ascoli/  ''  ....  With  the  excep- 
tion of  experiments  with  the  red  blood-corpuscles,  we  can,  of  course, 
make  no  experiments  upon  the  isotoxins  of  the  body  cells  of  man, 
but  there  are  many  indications  that  it  will  be  possible  to  perform 
these  experiments  upon  monkeys  and  thus  to  win  a  new  basis  for 
the  pathology  and  therapy  also  of  man." 

As  the  isotoxins  are  acquiring  an  ever  increasing  interest  in  the 
study  of  pathological  processes,  it  seemed  profitable  to  investigate  the 
relations  between  the  receptors  of  man  and  monkey,  and  as  the  red 
blood-corpuscles  are  the  cells  most  readily  obtained,  they  were  chosen 
for  the  study. 

In  this  investigation  the  same  methods  were  applicable  that  were 
employed  by  Ehrlich  and  Morgenroth  *  to  demonstrate  that  there  are 
certain  receptors  common  to  the  red  blood-corpuscles  of  goat,  sheep 
and  ox. 

It  was  to  be  expected  that  investigation  would  reveal  a  partial  cor- 
respondence between  the  receptors  of  the  red  blood-corpuscles  of  man 
and  of  the  monkey,  for  it  had  already  been  demonstrated  by  means  of 
the  precipitin  reaction  that  monkey  serum  and  human  serum  con- 
tain certain  specific  substances  in  common.  Thus  Wasscrmann, 
Ulilenhuth,  Stern,  and  Xuttall,  all  found  that  when  rabbits  were  in- 
jected Avith  human  serum,  their  serum  acquired  the  property  of  giving 
a  precipitate  when  added  to  luiman  serum.  This  precipitation  was  a 
specific  reaction  for  human  serum  and  occurred  with  the  serum  of 
no  other  animals  except  monkeys,  and  even  in  the  last  case  the  re- 
action was  only  slight.  This  fact  shows  that  a  part  of  the  specific 
substance  affected  by  this  precipitin  is  common  to  tlie  serum  of  man 
and  monkey. 

'See,  for  example,  the  recent  work  of  Ascoli  and  Figari  upon  nephrolysiiis,  Bfrlin. 
kiln.  Wocliemchr.,  1902,  xxxix,  .560,  li34. 

'Berliner  kliniische  iVochenxchrifl,  I'JOO,  xxxvii,  4.53;   1001,  xxxviii,  .509,  598. 
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Hitherto  there  have  heen  iHt  reports  of  investigations  of  otlier 
haptines  of  these  sjiecies.  In  my  experiments  the  blood  and  serum 
were  obtained  from  two  monkeys;  one,  Makahus  cynomolgus,  the 
other,  Mal-al-us  rhesus.  The  htimaii  blood  employed  was  infant's 
blood  obtained  from  the  maternal  end  of  the  umbilical  cord.  In  all 
cases  the  amount  employed  in  experiments  was  1.0  cubic  centimeter 
of  a  5%  suspension. 

/.   Action  on  the  Blood-Corpuscles  of  Monkey  and  of  Man,  of  Serum 

from  an  Ani)nal  Preciously  Treated  ivith  Injections 

of  Ilunian  Blood. 

The  action  of  sera  specific  for  huuuin  blood  was  tried  upon  monkey 
blood.  It  was  found  that  the  inactivated  serum  of  a  goat  previously 
treated  with  human  blood  contains  amboceptors  for  monkey  blood 
and  is  reactivated  by  rabbit  serum-complement  better  than  by  the 
complements  of  guinea-pig  serum,  human  serum  or  monkey  serum. 
The  inactivated  serum  of  a  rabbit  treated  with  human  blood  also  con- 
tains amboceptors  for  monkey  blood,  and  is  reactivated  by  the  comple- 
ments of  guinea-pig  serum  better  than  liy  rabbit  serum,  huuuin  serum 
■  or  monkey  serum." 

Interesting  results  were  obtained  from  experiments  to  determine 
the  smallest  dissolving  dose  of  amboceptor  and  of  complement  for 
human  blood  and  monkey  blood. 

In  the  amboceptor  tests,  decreasing  amounts  of  inactivated  human- 
blood-rabbit  serum  were  employed  with  a  fixed  amount  of  guinea-pig 
serum  complement,  and  a  fixed  amount  of  monkey  blood  or  human 
blood:  0.5  cubic  centimeter  guinea-pig  serum  was  used  as  comple- 
ment in  the  monkey  blood  experiment;  0.1  cubic  centimeter  guinea- 
pig  serum  as  complement  in  the  human  blood  experiment. 

In  each  case  0.075  cubic  centimeter  of  amboceptor  serum  was  the 
smallest  dose  that  effected  complete  solution  of  the  blood-corpuscles. 

5  For  coDvenience  the  serum  of  a  ffoat  previously  treated  with  human  blood  cor- 
puscles will  be  called  "  human-blood-goat  serum."  In  the  same  way,  specific 
rabbit's  serum  will  be  called  "  human-blood-rabbit  serum,"  and  so  in  other  cases; 
the  name  of  the  material  injected  will  be  placed  tlrst  in  the  compound  word,  the 
name  of  the  immunised  animal  second. 
25 
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Complement  determinations  were  then  made,  using  0.1  cubic  centi- 
meter amboceptor  serum  for  each  specimen  of  blood  with  decreasing 
amounts  of  guinea-pig  sermn  complement.  The  result  in  this  case 
was  that  0.075  cubic  centimeter  of  complement  reactivated  the  human 
blood  and  amboceptor,  while  0.3  cubic  centimeter  of  complement  was 
required  for  the  reactivation  of  the  amboceptor  with  the  monkey 
blood. 

A  similar  result  was  obtained  when  inactivated  hmnan-blood-goat 
serum  with  rabbit  serum  complement  was  used  as  haemolysin,  the 
dose  of  amboceptor  being  the  same  for  monkey  blood  and  human 
blood,  the  dose  of  complement  being  twice  as  great  in  the  case  of 
monkey  blood  as  in  the  case  of  himian  blood. 

Abundant  experimental  proof  was  obtained  showing  that  the  serum 
of  untreated  goats  and  rabbits  possessed  no  such  amboceptor  for  mon- 
key blood  as  was  present  in  the  hiiman-blood-goat  and  human-blood- 
rabbit.  It  was  also  shown  that  the  human-blood-goat  serum  and 
human-blood-rabbit  serum  had  no  unusual  action  upon  the  blood- 
corpuscles  from  animals  of  other  species.  In  other  words,  it  tvas 
shown  that  these  two  sera  were  specific  for  human  hlood,  and  at  the 
same  time  had  a  specially  strong  action  upon  the  hlood  of  the  monkeys 
employed. 

JI.  Action  on  the  Blood  of  Monkey  and  of  Man  of  Sermn  from  an 
A7iimal  Previously  Treated  with  Injections  of  Monkey  Blood. 

Two  rabbits  were  immunized  by  treatment  with  blood-corpuscles 
of  Makakus  rhesus.  As  only  small  amounts  of  monkey  blood  were 
available,  the  degree  of  immunity  reached  was  not  high.  With  each 
rabbit  0.025  cubic  centimeter  of  the  inactivated  serum  exactly  suf- 
ficed to  dissolve  1.0  cubic  centimeter  of  5  per  cent  suspension  of 
monkey  blood  (M.  cynomolgus),  when  reactivated  with  guinea-pig 
serum.  These  two  monkey-blood-rnbbit  sera  acted  upon  human  blood- 
corpuscles  only  slightly  more  markedly  than  did  tlie  serum  from  a 
normal  unimmunized  rabbit:  0.5  cubic  centimeter  of  the  inactivated 
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serum  producing  only  a  "  strong"  °  degree  of  solution  of  the  human 
blood-corpuscles,  when  guinea-pig  serum  was  used  as  complement. 

Experiments  showed  that  the  haemolytic  action  of  monkey-blood- 
rabbit  serum  upon  monkey  blood  was  destroyed  by  subjecting  the 
senun  to  a  temperature  of  52°  C.  for  one-half  hour,  while  after  one- 
half  hour  at  50°  C.  there  was  still  evidence  of  haemolytic  action. 

The  seriim  was  inactivated  at  52°  C.  and  tested  for  amboceptor  for 
human  blood-corpuscles  with  a  variety  of  sera  as  complement.  It 
was  found  that  ox  serum  reactivated  best,  that  guinea-pig  serum  and 
human  serum  acted  fairly  well,  rabbit  serum  acted  very  slightly,  and 
goat  serum,  sheep  serum  and  horse  serum  almost  not  at  all.  With 
ox  serum  as  complement,  0.8  cubic  centimeter  of  inactive  monkey- 
blood-rabbit  serum  was  sufficient  to  dissolve  1.0  cubic  centimeter  of 
human  blood. 

III.  EeJatire  Affinity  of  Human  Blood  and  Monkey  Blood  for 
Specific  Amboceptors. 

An  elective  absorption  experiment  was  made  after  the  method 
described  by  Ehrlich  and  Morgenroth.' 

Preliminary  experiments  were  carried  oiit  by  the  method  of  union 
in  order  to  determine  the  simple  dissolving  dose  of  amboceptor  for 
human  blood-corpuscles  and  monkey  blood-corpuscles  {Makahus 
rhesus).  Decreasing  amoimts  of  inactivated  human-blood-goat  serum 
were  employed  as  amboceptor;  0.3  cubic  centimeter  guinea-pig  serum 
was  used  as  complement  in  each  case. 

Amboceptor.  Human  blood.  Monkey  blood. 

0.15  ccm.  complete  complete 

0.1       "  "  almost  complete 

0.05      "  filmy  moderate 

0.0  (complement  alone)  slight  minimal 

*  The  degree  of  haemolysis  that  has  been  effected  is  judged  of  by  the  color  of  the 
fluid  and  the  amount  of  sediment  remaining.  The  following  terms  will  be  used  to 
designate  the  degree  of  haemolysis.  Complete,  filmy,  translucent,  strong,  moderate, 
slight,  trace,  minimal,  0. 

'' Berliner  klin.  Wocheyischrift,  1901,  .x.vxviii,  .'iBH. 
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Four  parallel  series  of  tubes  were  then  arranged  with  graduated 
amounts  of  inactivated  hinnan-blood-goat  serum. 

Two  series,  A  and  B,  were  treated  with  1.0  cubic  centimeter  of 
5  per  cent  suspension  of  human  blood,  the  other  two,  C  and  D,  with 
1.0  cubic  centimeter  5  per  cent  suspension  of  monkey  blood. 

After  staying  for  one  hour  at  37.5°  0.  the  corpuscles  were  removed 
bv  centrifugalization  and  the  fluids  tested  for  amboceptor  for  human 
blood  and  monkey  blood. 

!Menstruiuns  A  and  C  were  treated  with  the  sediment  of  corpuscles 
obtained  by  centrifugalizing  1.0  cubic  centimeter  of  5  per  cent  sus- 
pension of  human  blood :  menstruums  B  and  D  were  treated  with 
sediment  from  monkey  blood.  In  each  tube  0.3  cubic  centimeter  of 
guinea-])ig  serum  was  added  as  complement. 

TABLE  I. 


SolutioD   of  human  SolatioD  of  moakey  Solatlon   of   hamftn  Solution  of  monkey 
Amoant     o(    tanmsn-     blood   by    hnman-     blood    by   human-     Mood    by   human*     blood    by  human- 
blood-goat  Berum  blood-goal  serum,     blood-goat   serum,     blood-goat   serum,     blood-goat 


1.5    ccm. 

almost  complete 

strong 

complete 

slight 

1.0      " 

filmy 

moderate 

" 

" 

0.5      " 

strong 

slight 

" 

trace 

0.35    " 

moderate 

trace 

almost  complete 

0.25     " 

>• 

filmy 

miuimal 

0.15     " 

slight 

minimal 

moderate 

0.1       " 

" 

" 

" 

0.05     •■ 
0. 
(only  comple- 

" 

" 

slight 

" 

ment.) 

It  is  seen  that  human  corpuscles  absorb  much  more  ambocejitor 
than  is  needed  to  produce  haemolysis,  15  times  the  simple  fatal  dose 
of  amboceptor  not  being  quite  enough  to  dissolve  two  separate  doses 
of  Iniman  blood.  It  is  also  seen  that  the  huinaii  red  corpuscles  pick 
up  ambix-cjitor  otherwise  available  for  monkey  blood,  since  ten  times 
the  fatal  dose  of  amboceptor  serum  after  previous  treatment  with 
human  blood,  produced  only  "  strong  "  solution  of  the  monkey  blood. 
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It  is  also  evident  that  the  monkey  blood  absorbs  much  more  than  the 
fatal  dose  of  amboceptor,  as  ten  times  the  simple  fatal  dose  produced 
only  "  slight  "  solution  of  a  second  siip]ily  of  monkey  blood.  The 
monkey  blood  absorbs  more  amboceptor  available  for  monkey  blood 
than  is  absorbed  by  human  blood,  for  in  the  one  case  the  solution  of 
monkey  blood  is  "  slight."  in  the  other  "  strong."  This  is  merely 
an  indication  that  this  specimen  of  human  blood  has  not  receptors 
for  all  the  amboceptors  that  have  been  set  free  in  the  serum  of  the 
goat  as  the  result  of  a  long  continued  course  of  immunization  with 
different  supi^lies  of  human  blood.  The  monkey  blood  possesses  re- 
ceptors which  the  human  blood  specimens  lack,  showing  affinities  for 
certain  amboceptors  present  in  the  innnune  serum.  On  the  other 
hand,  the  monkey  blood  possesses  to  only  a  slight  degree  the  power  of 
removing  from  the  immune  sermu  amboceptor  available  for  the 
human  blood-corpuscles,  since  three  and  a  half  times  the  complete 
dose  of  amboceptor  is  almost  sufficient  to  supply  first  the  receptors 
of  monkey  blood,  next  those  of  human  blood. 
These  experiments  may  now  be  summarized. 

1.  Serum  specifically  haemolytic  for  the  hiunan  blood  acts  with 
renuirkable  power  upon  the  blood-corpuscles  of  Makal-its  rhesus  and 
Makakiis  cynomolgiis. 

2.  In  each  case  the  amboceptor  doses  fur  the  monkey  blood  and  the 
human  blood  was  the  same,  or  very  nearly  the  same. 

3.  Rabbit  serum  specifically  haemolytic  for  monkey  blood  acts 
iinly  feebly  upon  human  blood.  There  is  a  great  difference  in  its 
action,  according  to  the  complementing  serum  employed. 

4.  Human  blood-corpuscles  readily  ])ick  up  from  the  serum  specific 
for  human  blood-corpuscles  amboceptors  available  for  monkey  blood, 
but  the  human  corpuscles  do  not  pick  up  these  amboceptors  as  com- 
pletely as  the  monkey  blood-corpuscles  themselves  do. 

5.  Monkey  blood-corpuscles  pick  iip  from  the  serum  specific  for 
human  blood  some  of  the  specific  amboceptors.  This  power  is,  how- 
ever, onlv  moderate. 
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IV.  Action  of  Normal  Sera  upon  Blood-Corpuscles  of  Man  and 
Monkey. 

The  action  of  various  active  sera  upon  monkey's  corpuscles  {M. 
rhesus)  was  compared  with  the  action  of  the  same  sera  upon  human 
corpuscles. 


Serum. 
1.0  com. 
0.5  " 
0.25  " 
0.15  " 
0.1  " 
0.0      " 


Serum. 
1.0  ccm. 
0.5  '• 
0.25  " 
0.15  " 
0.1  " 
0.0      " 


Serum. 
1.0  ccm. 
0.5     " 


0.25 
0.15 
0.1 
0.0 


Serum. 
1.0  com. 
0.5  ■' 
0.25  " 
0.15  " 
0.1  " 
0.0      " 


Serum. 
1.0  ccm. 
0.5      " 


0.25 
0.15 
0.1 
0.0 


I.     Skkim  fkom  Go.it. 


Monkey, 
complete 

Humiin 
complete 

translucent 
trace 
0 

filmy 
strong 
0 

ERUM    FKOM    SUEEP. 

Moukey. 
filmy 

translucent 
moderate 
slight 
trace 
0 

Human, 
moderate 
slight 
trace 
minimal 

0 

0 

Skrum  from  Ox. 

Monkey, 
filmy 
minimal 

0 

0 

0 

0 

Human, 
moderate 
slight 
minimal 

0 
0 

SkROM    from    G003E. 

Monkey. 

Strong 

slight 

0 

0 

0 

0 

Humaji. 
translucent 
moderate 
slight 
minimal 

0 

iERiM  FROM  Rabbit. 

Monkey 
0 
0 
0 
0 
0 
0 

Human 
moderate 
slight 
trace 
minimal 

0 

Neither  monkey's  corpiiscles  nnr  human  corpuscles  were  dissolvcil 
hy  serum  from  man,  horse,  or  £^uinea-pig. 
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Su7nmary. 

1.  Goat,  sheep,  ox,  goose  and  rabbit  serum  affect  monkey  blood  to 
almost  the  same  extent  that  they  do  human  blood. 

2.  Human,  rabbit  and  guinea-pig  serum  fail  to  produce  haemolysis 
of  monkey  blood  or  hinnan  blood. 

3.  Monkey  blood  and  human  blood  behave  very  similarly  in  the 
presence  of  normal  active  haemolysins. 

These  experiments  indicate  that  there  is  quite  a  close  relationship 
between  the  corpuscles  of  the  human  being  and  those  of  the  two 
varieties  of  monkey  examined.  The  conclusion  is  justified  that  there 
is  a  similarity  of  the  receptor  groups  of  the  blood-corpuscles  of  the 
human  being,  Makakus  rhesus  and  Makakus  cynomolgus. 

AMiile  there  is  this  similarity,  however,  there  are  receptor  groups 
in  the  corpuscles  of  the  monkey  which  are  not  present  in  human  cor- 
puscles, and  likewise  the  human  corpuscles  contain  receptor  groups 
not  shared  with  the  moidvey  corpuscles. 

The  following  figure  (taken  from  Ehrlich  and  Morgenroth)  illus- 
trates the  relation  between  the  receptors  of  human  blood  and  monkey 
blnod,  as  it  is  shown  by  the  elective  absorption  experiment. 


/3  represents  the  receptors  common  to  the  corpuscles  of  monkey  and 
man. 

a  and  7  represent  the  receptors  peculiar  to  man  and  monkey  re- 
spectively. 

The  partial  correspondence  between  the  receptors  of  the  blood- 
corpuscles  of  man  and  monkey  makes  it  probable  that  a  similar  rela- 
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tion  exists  between  the  other  body  cells  of  these  auimals,  and,  as 
Ehrlich  has  suggested,  we  may  now  be  able  to  study  the  isotoxins  of 
man  by  means  of  animal  experimentation  upon  monkeys. 

B.    BEHAVIOE   OF   HUMAN    BI.OOD-COEPUSCLES  IN   THE   PRESENCE    OF 
SEKUM   FROM  VARIOUS  ANIMALS,   AND   HAEMOLYTIC    PROP- 
ERTIES  OF  NORMAL   HUMAN   SERUM. 

Attention  is  already  being  turned  to  the  application  of  cytolytic 
methods  in  the  investigation  of  various  questions  of  general  medical 
and  biological  importance.  In  view  of  the  developments  that  have 
taken  place  in  our  ideas  of  inmiunity,  it  seems  very  important  to 
determine  the  cytolytic  properties  of  human  blood  according  to  the 
newer  methods. 

The  following  study  of  the  liaemolytic  properties  of  human  serum 
was  made  imder  the  influence  of  this  idea.  Such  a  research  should 
give  a  general  idea  of  the  cytolj'tic  action  of  the  serum,  and  furnishes 
a  small  part  of  the  preliminary  work  that  must  form  the  basis  of  an 
attempt  to  apply  the  liaemolytic  properties  of  the  serum  to  diagnosis 
and  to  questions  of  pathological  interest. 

In  the  recent  literature  there  have  appeared  reports  of  several 
investigations  along  the  lines  here  indicated. 

E.  Neisser  and  Doering '  studied  the  blood  from  twenty  persons  in 
hospital  wards,  including  cases  of  pneumonia,  nephritis,  tuberculosis, 
syphilis  and  emphysema.  The  action  of  the  human  serum  upon 
rabbit  blood  was  quite  constant,  0.1  cubic  centimeter  to  0.15  cubic 
centimeter  of  serum  completely  dissolving  1.0  cubic  centimeter  of 
5  per  cent  suspension  of  ral)l)it  IiIimkI,  and  0.01  cul)ic  centimeter  pro- 
ducing a  trace  of  solution. 

The  human  serum  acted  with  decreasing  strength  upon  suspen- 
sions of  rabbit,  goat,  guinea-pig  and  pigeon  blood,  in  the  last  case 
causing  only  a  trace  of  .solution.  The  serum  from  these  animals 
showed  a  similar  gradation  iu  tiic  lytic  action  upon  liuinau  corpuscles, 
pigeon  serum  giving  barely  a  trace  of  haemolysis,  and  1.0  cubic  centi- 

'  Ikrlin.  klin.    Worhenschrift,  1901,   xxxviii,  .'>'.i:!-.'>!l.5. 
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meter  of  rabbit  senini  completely  dissolving  the  specimen  of  human 
blood. 

Tests  made  at  0°  C.  and  by  eentrifvigalization  showed  that  the 
haemolytic  action  of  human  serum  on  rabbit  blood  is  caused  by 
amboceptor  and  complement.  It  was  possible  to  inactivate  the  human 
serum  by  heat  (56°  C.)  and  reactivate  it  with  active  rabbit  or  horse 
serum. 

A  specimen  of  htiman  serum  passed  through  the  bacterial  filter 
retained  its  comjjlement  undiminished  for  guinea-pig  blood,  but  suf- 
fered loss  of  strength  for  rabbit  blood,  hence  human  serum  must  con- 
tain more  than  one  kind  of  complement.  By  suitable  experiments  it 
could  be  shown  that  human  serum  contains  separate  amboceptors  for 
rabbit  and  guinea-pig  blood. 

It  was  possible  partly  or  completely  to  desti'oy  the  amboceptor  by 
prolonged  heat — namely,  56°  C.  for  45  minutes  to  one  hour. 

In  contrast  to  E.  Xeisser  and  Doering  may  be  cited  the  results 
published  by  Camus  and  Pagniez."  These  investigators  examined  the 
serum  from  over  one  hundred  persons  and  found  that  the  action  of  the 
serum  on  rabbit  blood  varied  considerably.  They  conchided  from 
their  results  that  the  varying  haemolytic  action  is  an  expression 
merely  of  individual  differences  and  has  no  pathological  value. 

The  preliminary  re]iort  of  Eesinelli '°  is  of  interest  in  this  con- 
nection. He  investigated  the  differences  in  haemolytic  power  be- 
tween the  serum  of  the  mother  and  that  of  the  foetus.  He  found 
that  the  latter  has  distinctly  less  haemolytic  action  than  the  former 
upon  the  blood-corpiiscles  of  rabbit,  ox,  frog  and  chicken. 

My  experiments  were  made  with  specimens  of  blood  obtained  from 
a  maternity  hospital." 

Upon  cutting  the  umbilical  cord,  the  blood  flowing  from  the  pla- 
cental end  was  caught  in  a  clean  glass  flask,  defibrinated  by  shaking 
with  clean  iron  filings,  and  brought  to  the  laboratory,  where  the  spec- 

'Societede  Bioloyie,  1901,  342. 

'"  Congresso  della  Societa  italiana  di  Osletricia  e  Guinecologia.     Rome,  1901. 
•1 1  wish  in  thisplace  toexpress  my  thanks  to  Dr.  Vomel,  director  of  the  maternity 
hospital  at  Frankfort-on-the-Main,  for  his  kindness  in  supplying  the  necessary  blood. 
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imen  was  centrifugalized  and  the  clear  or  blood-tinged  serum  was 
utilized  as  soon  as  possible,  the  sediment  of  blood-corpuscles  being 
suspended  in  a  volmne  of  0.85  per  cent  sodium  chloride  solution  equal 
to  the  amount  of  serum  removed,  and  kept  on  ice  till  needed.  From 
this  suspension,  a  5  per  cent  suspension  was  made  with  0.85  per  cent 
salt  solution,  and  1.0  cubic  centimeter  of  this  5  per  cent  suspension 
was  the  standard  amount  of  blood  used  in  all  experiments. 

The  haemolytic  action  of  varioiis  normal  sera  upon  human  blood- 
corpuscles  was  investigated.    The  result  is  recorded  in  Table  II. 

Test-tubes  were  arranged  with  a  constant  amount  (1.0  cubic  centi- 
meter) of  5  per  cent  suspension  of  human  red  blood-corpuscles  and 
decreasing  amoimts  of  haemolytic  serum  (from  1.0  to  0.1  cubic  centi- 
meter), and  an  amount  of  0.85  per  cent  salt  solution  suiEcient  to  bring 
the  total  volume  of  fluid  up  to  2.0  cubic  centimeters.  The  several  tests 
were  made  simultaneously  and  upon  the  same  specimen  of  human 
blood.  The  test-tubes  were  kept  in  a  thermostat  at  37.5°  C.  for  two 
hours,  being  shaken  from  time  to  time.  They  then  remained  in  ice 
chests  (714°  C.)  over  night.  The  results  were  recorded  in  the 
morning. 

TABLE  II. 


Amount. 

Goat. 

Sheep. 

Ox. 

Horse. 

Habbit. 

Guinea-pig. 

Goose. 

Han. 

1.0   ccm. 

complete 

moderate 

moderate 

0 

moderate 

trace 

translu- 
cent 

0 

0.5      " 

" 

sliglit 

slight 

0 

slight 

0 

moderate 

0 

0.25    " 

" 

trace 

minimal 

0 

trace 

0 

slight 

0 

0.15    " 

filmy 

minimal 

minimal 

n 

minimal 

0 

minimal 

0 

0.1      " 

strong 

0 

minimal 

0 

minimal 

0 

" 

0 

0.0      " 

0 

0 

0 

0 

0 

0 

0 

u 

Different  specimens  of  serum  from  tlie  same  species  e.xhibit  varia- 
tions in  haemolytic  activity ;  for  example,  it  happened  several  times 
that  guinea-pig  serum  was  found  which  exerted  a  distinct,  though 
weak  action  upon  human  blood.  Hence  many  repetitions  would  be 
necessary  in  order  to  determine  the  relative  haemolytic  strength  of  the 
sera  included  in  Tabic  TI.  It  is  seen,  however,  that  goat,  goose,  rabbit, 
ox  and  sheep  serum  gave  positive  lytic  action,  while  Iniman,  guinea- 
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pig  and  horse  serum  were  negative.  In  other  experiments  it  ^vas 
found  that  eel  serum  is  strongly  haemolytic  and  pig  serum  negative. 

The  serum  of  an  animal  inoculated  with  human  blood-corpuscles 
acquires  strong  lytic  powers :  0.06  cubic  centimeter  of  the  inactivated 
specific  serum  of  a  rabbit  and  0.1  cubic  centimeter  of  the  inactivated 
specific  serimi  of  a  goat  containing  sufficient  amboceptor  to  dissolve 
1.0  cubic  centimeter  of  human  blood  suspension;  while  it  proved 
difficult  to  produce  haemolysis  of  human  blood  with  inactivated  nor- 
mal goat  serum  as  amboceptor.  Of  the  latter  0.8  cubic  centimeter, 
using  guinea-pig  or  rabbit  complement,  gave  only  slight  or  moderate 
solution.' 

INo  special  endeavor  has  been  made  to  find  variations  in  the  be- 
havior of  different  specimens  of  human  blood-corpuscles.  Judging 
from  the  numerous  tests  made  with  specific  haemolysins  and  anti- 
haemolysins,  the  action  of  the  human  red  blood-corpuscles  appears  to 
be  remarkably  constant. 

The  haemolytic  action  of  normal,  active  himian  serum  was  deter- 
mined. 1.0  cubic  centimeter  of  a  5  per  cent  siispension  of  the  blood 
of  each  animal  tested  was  treated  with  decreasing  amoimts  (0.8  to 
0.1  cubic  centimeter)  of  a  specimen  of  human  serum,  the  quantity 
of  fluid  in  the  test  tubes  being  kept  constant.  The  experiments  were 
made  simultaneously.  There  was  no  solution  of  the  blood-corpuscles 
of  man,  ox,  goat,  sheep,  guinea-pig,  rat  or  goose.  Rabbit  blood  was 
completely  dissolved  by  0.8  cubic  centimeter  of  serum,  while  0.2  cubic 
centimeter  showed  no  action. 

In  the  course  of  other  experiments  controls  were  made  in  many 
cases  to  determine  the  action  of  other  specimens  of  human  serum 
upon  human,  ox  and  sheep  blood.  In  all  cases  the  hmnan  serum 
failed  to  show  any  lytic  action. 

In  one  instance  that  came  under  observation,  there  was  a  very  inter- 
esting difference  between  the  action  of  infant's  serum  and  serum 
from  the  mother  upon  guinea-pig  blood.     The  infant's  serum  in  doses 

'-For  the  reactivation  of  normal  inactive  sera  see  Sachs.  BerUner  kliti.  Woclien- 
sclinft,  1902,  xxxix,  183,  316. 
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up  to  1.0  cubic  centimeter  failed  to  dissolve  this  blood,  while  0.25 
cubic  centimeter  of  the  mother's  serum  dissolved  it  readily.  Appar- 
ently, the  adult  serum  contains  a  haemolysin  that  is  absent  from  the 
infant's  senun,  a  condition  hitherto  unrecorded.  It  will  reqtiire 
further  investigation  to  determine  whether  this  condition  is  dtie  to 
absence  of  both  amboceptor  and  comjdeuieut  from  the  infant's  serum, 
or  of  only  one  of  these  constituents. 

ilax  Xeisser  "  observed  a  similar  diiferonce  between  serum  from 
old  and  young  horses,  the  former  normally  containing  antitetanolysin 
and  antistaphylolysin,  substances  which  are  completely  or  nearly 
completely  absent  from  the  serum  of  young  horses,  and  G.  iliiller  " 
describes  the  same  condition  in  regard  to  the  agglutinins  of  the  serum 
of  cattle. 

From  the  experiments  above  recorded  it  is  seen : 

1.  That  the  red  blood-corpuscles  of  the  infant  are  dissolved  by  the 
serum  of  various  animals,  and  that  the  action  of  one  kind  of  animal 
senun  differs  from  that  of  another  kind. 

2.  That  infant's  serum  possesses  hut  feeble  ha(MUolytie  properties, 
acting  as  it  does  upon  only  one  species  of  animal  blood,  namely,  the 
rabbit's.  The  lytic  action  in  the  instance  observed  by  me  was  weak — 
weaker  than  the  action  found  liy  Xeisser  and  Doering  to  be  constant. 
This  result  nuiy  be  due  to  individual  differences  or  it  may  be  the 
result  of  a  peculiarity  in  infant's  serum  corresixindiiig  to  the  con- 
dition described  by  Rcsiiielli.      ( ()]x  cit.) 

In  further  experiments  the  coiiiiilciiu'nt  strength  of  human,  ox  and 
horse  serum  was  compared. 

Preliminary  tests  showed  that  horse  scrum  exerted  no  lytic  action 
on  human  blood-corpuscles,  while  only  0.2  cubic  centimeter  of  ox 
serum  could  be  used,  as  0.2.5  cubic  centimeter  brought  about  partial 
solution  of  the  human  blood-cor])uscles.  In  one  series  of  tests  1.0 
cubic  centimeter  of  human  blood  suspension  and  0.8  cubic  centi- 
meter of  inactivated  specific  goat  senun  were  treated  with  the  three 

"  OeuUche  med.    Woi-hensrhr.,  IflOO,  xxvi,  790. 

'*Muller,  V'ber  Agglutiuiue  Nurmuler  Tfikrsfni,  Inaiin.  Dissi-rt.,  litOl. 
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different  complements.  In  a  second  series,  made  simultaneonsly, 
inactivated  normal  goat  senun,  hnman  blood  and  complement  were 
brought  together.  After  two  hours  in  the  thermostat,  the  specimens 
were  kept  on  ice  over  night  and  the  results  were  noted  in  the  morning. 


TABLE 

III. 

Complement. 

Amboceptor. 

0.3  ccm.  0.\. 

0.75  ccm.  Horse. 

0.8  ccm.  Man. 

0.8   ccm. 

1.  human-blood-goat  serum: 

complete 

complete 

moderate 

0.8  ccm. 

2.    normal  goat  serum: 

moderate 

0 

slight 

3.    control:  no  amboceptor 

trace 

0 

0 

About  three  times  the  conipletelv  dissolving  dose  of  inactivated 
hunian-blood-rabbit  serum  and  of  inactivated  human-blood-goat 
serum  were  treated  with  two  specimens  of  fresh  human  serum  as 
complement. 


0.8  ccm.  Human 

Human-hlood- 

Human-blood- 

serum. 

ral>bit. 

goat. 

1 

complete 

filmy 

II 

minimal 

translucent 

The  two  sera  reactivated  the  goat  serum  almost  eqiuilly  well,  but 
there  was  a  great  difference  in  the  power  of  the  first  and  the  secmid 
to  reactivate  the  rabbit  serum. 

The  complement  action  of  se\eral  sera  was  compared,  a  constant 
amount  of  complement  being  used  with  decreasing  amounts  of  and)o- 
ceptor  (inactivated  human-blood-rabbit  serum). 

Amboceptor 

0.2  ccm. 

0.15  " 

0.1  ■' 

0.06  ■■ 

0.04  ■• 

0.02  ■' 

0.01  " 

0.0  " 

In  this  case  the  reactivating  power  of  human  serum  was  weaker 
than  that  of  rabbit  or  guinea-pig  serum  and  was  approximately  as 
strong  as  the  serum  of  the  horse. 


TABLE  IV. 

0.3  ccm. 

Rabbit. 

complete 

filmy 

0.2  ccm. 
Guinea-pig. 
complete 

filmy 

O.To  ccm. 
Horse, 
complete 
moderate 
slight 
trace 
0 

0.8  ccm. 

Man. 

complete 

translucent 

slight 

trace 

translucent 
moderate 
0 

translucent 
moderate 
0 

0 
0 
0 

0 
0 
0 
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From  the  experiments  jiist  recorded  it  is  seen: 

1.  That  human  serum  contains  complement  which  will  reactivate 
an  amboceptor  specifically  haemolytic  for  human  blood-corp^iscles. 

2.  That  the  amount  of  complement  varies  with  different  specimens 
of  serimi. 

3.  That  the  complement  available  for  one  amboceptor  and  that 
available  for  another  amboceptor  may  vary  independently  of  eacli 
other. 

The  following  further  experiments  were  made  with  human  serum 
complement : 

Three  fresh  specimens  of  human  serum  were  tested  as  complement 
for  ox-blood-rabbit  serum.  A  preliminary  test  with  ox-blood-rabbit 
serum  reactivated  by  guinea-pig  serum  showed  that  0.0005  cubic  cen- 
timeter sufficed  to  dissolve  completely  1.0  cubic  centimeter  of  5  per 
cent  stispension  of  ox  blood.  With  three  times  this  amount  comple- 
ment determinations  were  made,  using  decreasing  amounts  of  the 
three  specimens  of  human  serum. 


TABLE 

V. 

Amount. 

Scrum  I. 

Serum  11. 

Scrum  III. 

0.5  ccm. 

moderate 

slight 

filmy 

0.25    " 

slight 

trace 

translucent 

0.1     ■' 

trace 

minimal 

moderate 

0.05    " 

minimal 

" 

slight 

0.035  " 

" 

" 

trace 

Controls  with  0.75  cubic  centimeter  conipleniont  without  ambo- 
ceptor were  negative. 

The  complement  action  of  the  first  of  these  specimens  was  also 
tried  with  other  amboceptors. 

Preliminary  determinations,  tising  goat  scnun  as  complement, 
showed  that  0.075  cubic  centimeter  of  ox-blood-goat  serum,  and  0.3 
cubic  centimeter  of  sheep-blood-goat  serum  sufficed  to  dissolve  1.0 
cubic  centimeter  of  ox  blood  and  sheep  blood  respectively.  With 
guinea-pig  serum  as  complement  it  was  found  that  0.075  cubic  centi- 
meter of  human-blood-goat  serum  was  the  simple  lytic  dose. 
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TABLE 

VI. 

Amount  of 

0.1 

ccm.  Ox-blood-          0.5 

ccm. 

Sbeep-blood- 

0.3  c 

cm.  Human-blood- 

complement. 

goat  serum. 

goat  serum. 

goat  Berum. 

1.0  ccm. 

moderate 

complete 

complete 

0.75    " 

" 

0.5     " 

" 

" 

0.35    " 

filmy 

0.25    " 

" 

translucent 

0.2     " 

slight 

slight 

0.17    " 

" 

trace 

0.13    " 

0 

0.1      " 

fil 

my 

0 

Controls  showed  that  1.0  cubic  centimeter  of  complement  alone 
produced  no  haemolysis. 

A  similar  experiment  was  made  with  another  specimen  of  human 
serum,  an  excess  of  amboceptor  being  employed  with  decreasing 
amounts  of  complement. 


TABLE  VII. 

[uman  serum. 

0.5  com. 
Human-blood- 
goat  serum. 

0.3  ccm. 
Human-blood- 
rabbit  serum. 

0.012  ccm. 

Ox-blood- 

rabblt  serum. 

0..3  ccm. 
Sheep-blood- 
goat  serum. 

0.8  ccm. 

0 

Strong 

moderate 

complete 

0.4      " 
0.2      " 

0 
0 

slight 
trace 

slight 
trace 

filmy 
translucent 

0.1      " 

0 

0 

minimal 

moderate 

0 

0 

0 

0 

0 

As  experiment  with  human  serum  as  complement  for  normal  hae- 
molysis resulted  as  follows: 

Preliminary  determinations  showed  that  1.0  cubic  centimeter  of 
5  per  cent  suspension  of  guinea-pig  blood  was  completely  dissolved  by : 
0.1     ccm.  of  active  dog  serum, 
0.25  ccm.  of  active  sheep  serum, 
1.0     ccm.  of  active  rabbit  serum, 
0.1     ccm.  of  active  ox  serum. 
The  four  sera  were  inactivated  at  the  lowest  inactivating  tempera- 
ture  (see  Sachs,  loc.  cit.) :  and  used  as  amboceptor  for  guinea-pig 
blood. 


Complement. 


0.25  ccm. 
Dog  serum. 

0.5  ccm.  complete 

Human  serum 


TABLE  VIII. 


complete 


complete 


complete 
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The  control  with  0.5  cubic  centimeter  human  serum  alone  had  no 
effect  tipon  gtiinea-pig  blood. 

All  of  the  experiments  with  complement  reported  above  were  per- 
formed in  the  usual  manner,  the  amboceptor,  complement  and  blood 
being  mixed  in  test  tubes  and  kept  at  '^>~.o°  C.  for  two  hours.  The 
following  experiments  indicate  that  this  is  not  a  reliable  test  of  the 
actual  complement  strength  of  human  serum. 

Two  amboceptor  determinations  were  made  in  the  usual  manner, 
with  fixed  quantities  of  two  specimens  of  human  serum  as  comple- 
ment, and  decreasing  amounts  of  amboceptor  (inactive  humau-blood- 
goat  senmi).     The  residt  was  as  follows: 


TABLE   IX. 

uman-blood-goat 

serum. 

0.2  ccm 

.  Human  serum 

'A." 

0.3  ccm.  Human  serum 

•B.' 

1.0  ccm. 

0 

n 

0.75    '• 

0 

0 

0.5      " 

0 

complete 

0.35    '• 

trace 

0.3      " 

complete 

0.25    " 

filmy 

" 

0.2      " 

strong 

moderate 

0.0      " 

0 

0 

In  each  ca.se  haemolj'sis  was  absent  with  large  amounts  of  ambo- 
ceptor; as  the  amovmt  of  amboceptor  decreased  the  reaction  reached 
a  maximum  and  again  decreased  with  insufficient  amboceptor. 

In  order  to  determine  the  complement  strength  when  the  inhibiting 
action  of  the  amboceptor  fluid  was  elimiiutted,  the  following  exjieri- 
ment  was  made  on  the  same  day  and  with  the  same  materials :  Ambo- 
ceptor and  blood-corpuscles  were  mixed  and  after  one-half  to  one 
hour  the  fluid  was  removed  b}'  centrifugalizing.  The  corpuscles  now 
laden  with  amboceptor  were  suspended  afresh  in  salt  solution. 
Complement  determinations  now  showed  that  0.035  cubic  centimeter 
of  either  specimen  of  human  serum  ])r<iduced  conii)lete  solution. 
Smaller  amounts  of  complement  were  not  trie<l.  0..'5  and  0.35  cubic 
centimeter  of  amboceptor  were  used  fm-  liic  fii-st  and  second  comple- 
ments respectively. 

The  following  day,  using  the  same  s])ccific  serum,  the  same  blood 
and    the   second    coinplcnient    serum,    an    Miid)o('0])tor   dclcrmination 
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was  made  by  the  same  method.  Corpuscles  and  amboceptor  were 
united,  freed  from  seriim  and  suspended  in  salt  solution,  as  described 
above:  0.15  cubic  centimeter  of  human  serum  was  used  as  com- 
plement. 

TABLE  X. 
.\mboceptor.  Degree  of  solution. 

0.14  ccm.  complete 

0.12    '•  filmy 

0.075  "  very  slight 

0.05    "  0 

From  this  table  it  will  be  seen  that  the  presence  of  the  serum  of 
the  immunized  animal  exerts  an  inhibiting  action  upon  the  comple- 
ment, and,  what  is  rather  remarkable,  seems  to  interfere  with  its 
own  amboceptor. 

The  goat  from  which  this  serum  was  derived  has  been  frequently 
injected  with  hiunan  blood,  not  completely  free  from  serum,  and  the 
specific  serum  therefore  contains,  in  addition  to  the  specific  ambo- 
cepter,  an  anticomplement  for  human  serum.  Whether  the  inhibitive 
action  was  caused  by  an  excess  of  amboceptor  these  experiments  do 
not  show." 

Summary. 

1.  Human  sermn  has  complement  available  for  a  variety  of  normal 
and  specific  amboceptors. 

2.  The  complement  differs  in  amount  in  various  specimens  of 
human  serum. 

3.  The  complement  strength  of  different  specimens  of  hiunan 
serum  for  different  amboceptors  has  no  definite  ratio,  and  the  com- 
plements for  different  amboceptors  may  vary  independently. 

4.  Inactivated  human-blood-goat  serum  inhibits  the  reactivation 
of  its  own  specific  amboceptor  by  human  serum. 

C.    HAEMOLYTIC  PEOPERTIES  OF  HUMAN  TRANSUDATES  AND  EXUDATES. 

A  study  was  made  of  the  haemolytic  properties  of  several  ascitic 
and  pleuritic  fluids.     In  the  recent  literature  but  little  has  appeared 

*■' Neisser  and   Wechsberg,    "  Ueber   die    Wirkunfjaart  bactericides  Sera.''^   Jfiinchener 
rued.   Wochemchr.,  1901,  xlviii,  697, 
26 
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on  this  subject.  Strauss  and  Wolif  '°  studied  the  haemolytic  action 
of  a  series  of  traiisiidates  and  exudates,  taking  as  a  standard  the 
power  of  the  fluid  to  dissolve  rabbit  blood.  They  tried  to  correlate 
the  haemolytic  action  and  the  physical-cliemieal  condition  of  the  fluid, 
and  concluded  that  the  haemolytic  properties  of  a  fluid  depend  in 
part  upon  the  complex  structure  (albumen  content)  of  the  fluid. 
Their  experiments  indicated  that  the  complexity  of  the  fl\iid  was  only 
one  of  the  factors  upon  which  the  haemolytic  power  depends. 

Seven  diflFerent  fluids  were  examined : 

Fluids  I  and  II  (ascites)  wei*e  obtained  from  a  case  of  cirrhosis 
of  the  liver. 

Fluids  III  and  IV  (ascites)  from  cases  in  which  the  clinical  diag- 
nosis was  \inknown. 

Fluid  V  (ascites)  from  a  patient  with  myocarditis. 

Fluid  VI  (ascites)  from  a  patient  with  carcinoma  of  the  ovaries. 

Fluid  VII  (plcTiritis)  from  a  case  diagnosed  as  "  tuberculous 
pleurisy." 

Haemolytic  Action. 

The  haemolytic  activity  of  the  fluids  was  tested  in  the  same  manner 
as  the  human  serum,  1.0  cubic  centimeter  of  5  per  cent  suspensions 
of  blood  from  various  animals  being  employed  with  gradmxted 
amounts  of  the  fluid  to  be  examined.  Without  detailing  the  experi- 
ments, the  results  are  grouped  in  Table  XT,  the  maximal  and  mini- 
mal degree  of  solution  being  noted.  The  experiments  with  the  vari- 
ous fluids  were  made  at  different  times. 

From  a  consideration  of  Table  XT  it  is  seen  that: 

1.  All  the  specimens  act  as  haemolysins  for  blood  from  animals 
of  several  species. 

2.  The  haemolytic  strength  of  the  various  fliiids  differs. 

3.  The  action  of  several  fluids  upon  the  several  species  of  blood 
can  not  be  expressed  by  a  constant  ratio:  Fluid  "  A  "  dissolves  each 
of  two  species  of  blood ;  fluid  ''  13  "  dissolves  the  first  species,  but  not 
the  second. 

^*  ForUehnlte  der  Afedizin,  xx,  1,  1902. 


H.  T.  Marshall 


3fi7 


*. 

1 

c 

-,' 

0^ 

*  i 

0) 

aJ 

**  '*:! 

a  a 

> 

C.  c 

s  s 

C    t. 

c  -^ 

S  M 

|o 

;  11  = 

be  ^ 

s  1 

c 

It     - 

_ 

09     S 

S  "qS 

to 

n    C 

■^  -II 

c;    * 

'a. 

"^ 

lit 

'  I 

^ 

J," 

O  CO 

ir.  -- 

«  ^ 

o  m 

o  ir: 

Ol    T- 

c 

0  ^ 

0    r- 

0 

«     T- 

0 

— ■  d 

d  c 

c  c 

—  d 

I--  O 

d  c 

"■ 

r^C 

-^   C 

^ 

d  d      rt' 

-2- 

s 

_;  _ 

^ 

J 

•S  S 

C.  sj- 

•  c 

ii 

-i  i 

^*. 

L    •  1 

> 
2 

=     • 

= 

S  = 

a  s 

= 

;      cj  "c 

'a  '= 

0 

u  - 

i  E 

£  "^ 

5  2    = 
0  +J 

= 

s  : 

U- 

- 

-,    - 

' 

'   I 

i/t 

'  I 

' 

"  " 

" 

o 

c 

C3   «— 

o  — 

c 

o  — 

o  -.'■ 

CJ 

0  ^ 

0  •- 

0 

0     r- 

0 

'^ 

-^ 

c  o 

"  d 

-- 

'-■  = 

^  c 

d 

r-^  c 

"  = 

^ 

1-.  c 

•^ 

^ 

a 

c; 

oi   5i 

S   d 

^• 

«  a 

P.-S 

"E  ai 

aoi 

as 

a^ 

aj 

^E 

—  J 

a 

>>  a 

a 

o  '3 

a  "i 

c      H  « 

S  H 

'S  'z 

a  bt   3  = 

p  ■£ 

p  *3 

a  1 

■C 

Is 

o 

o  E 

a  a 

O         o~ 

si 

= 

■si 

ii 

•5  = 

a° 

= 

s . 

lit 

"    - 

.n  m 

I  I' 

'  * 

-     - 

'  ' 

'    - 

O  tit 

ci  •- 

tC   1- 

O  U2 

d     c-i  •- 

o  ir 

cc 

0  '- 

c  - 

00       C  f-i       0  iO          1 

w  d 

d  c 

o  o 

d  d 

rH  d  O        O  C 

^  c 

0 

.-'  c 

— ■  c 

ci^ 

'-C 

^  0 

d    CE 

c: 

£  = 

(- 

■^  -■ 

a 

>•.  li    .s 

'J  i 

£  £ 

.^1      H           i 

» 

£  .S^ 

"o  ^ 

O    eS 

a  i 

.5  c 

:    .§1    ~  c 

at  .~ 

1  J 

^ 

e'E 

.-  0 

•c 

"m  "« 

£  E 

C'    i. 

E 

i   c 

=  £ 

■=  £ 

i^ 

a  , 

»r 

:  : 

:   : 

-    r 

:   - 

: 

^  c 

c  5> 

—  d 

—  d 

^  c 

— '  c 

0    w 

c 

0  0 

0 10 

^  d 

"S 

«  = 

■g 

■£ 

•3 

o-S 

■5.1 

P-S 

■J,--^ 

© 

a 

3 

o  — 

Si 

Em 

aw 

o  ~ 

1  = 

a~ 

0 

's 

S  . 

,    . 

.     . 

-    - 

. 

o 

lO 

ut 

«;  u: 

iC 

ir 

«5  ^ 

MD  t- 

^  .-. 

*/;  c^ 

« 

d  d 

dc 

d  d 

d  d 

-i  c 

-^  = 

-• 

Sg 

>-^^— ' 

^_^_^ 

. 

_^^~ 

— «r-* 

•— ~„— 

^ 

J     ,j-, -^,- 

*— V— ' 

^"^^^ 

*" 

*"" 

■^^v* 

°l 

M 

c 

■£. 

c 

=11 

|- 

c 

2 

^ 

0 

0 

0 

0 

= 

1 

_ai 

ii^ 

O 

s 

^ 

b: 

« 

C 

0 

0 

£ 

S 

H^ 

iC 

!so 

368  Studies  in  Haemolysis 

4.  In  general,  the  action  of  the  various  fluids,  except  fluid  VI, 
which  acts  exceptionally  with  ox  and  sheep  blood,  is  very  similar. 

5.  Haemolysis  was  absent,  or  of  minimal  degree,  with  the  blood 
of  man,  pig,  rat  and  goose. 

6.  The  lytic  action  of  the  fluids  is  much  stronger  than  the  lytic 
action  of  the  infant  human  serum  examined. 

Complete  records  of  the  agglutinating  action  of  the  fluids  were 
not  made.  Agglutination  was  very  frequently  observed,  however. 
For  example,  fluid  VI  agglutinated  the  blood  of  the  ox,  sheep,  rabbit, 
guinea-pig,  rat  and  goose  and  did  not  agglutinate  the  blood  of  man, 
chicken,  pigeon  or  goat. 

The  several  fluids  exliibited  unequal  agglutinating  powers. 

Complement  Content. 

Complement  tests  were  conducted  with  the  fluids  in  the  manner 
described  when  considering  human  serum,  and  the  results  of  the  tests 
are  grouped  in  Table  XII. 

Constant  amounts  of  amboceptor  and  blood  suspension  were  em- 
ployed with  graduated  amounts  of  the  fluid  used  as  complement. 

In  all  cases  where  the  body  fluids  were  tried  upon  human  blood 
infant's  blood  was  employed. 

Experiments  made  with  fluid  III  gave  results  like  those  with 
human  serum  complement. 

When  amboceptor,  0.5  cubic  centimeter  inactive  human-blood-goat 
serum,  suspensions  of  himian  blood  and  complement  (ascitic  fluid 
III)  were  mixed,  the  complement  determination  gave  the  following 
result : 


Complcmout  (ascitic  Huid  HI). 

Uesult. 

0.5  ccm. 
0.35    " 
0.3      " 
0.25    " 

complete  solution 
trace 
minimal 
0 

The  following  day,  with  the  same  materials,  an  amboceptor  deter- 
mination was  made.  Amboceptor  and  corpuscles  were  mixed  and 
after  one-half  hour  the  laden  corpuscles  were  recovered  by  centri- 
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Horsc-blood-goat  scrum  with 
horse  blood  corpuscles. 

No  reactivation. 
No  reactivation. 

Ox-blood-rabbil  serum    am- 
boceptor   with    01   blood 
corpuscles. 

No  reactivation. 

No  reactivation. 

0.1  ccm.  complete. 

0.013  "       0. 

1.0       "    (alone)  0 

0.15     "    complete. 
0.035  "    slight. 
Fluid  VI  alone,  0. 

0.35  ccm.  complete. 
0.035  "    trace. 
Fluid  VII  alone,  0. 

Sheep-blood-cjoat  serum  am- 
boceptor with  Bheep  blood 
corpuscles. 

No  reactivation. 
No  reactivation. 

0.5  ccm.  complete. 
0.05    "     moderate 
Fluid  VI  alone,  0, 

0.35  ccm.  complete. 
0.035  "  moderate. 
0.5       ■'     Huid    VII 
alone,  0. 

Ox-blood-goat  serum  ambo- 
ceptor with  ox  blood  cor- 
puscles. 

1.0  ccm.  translucent. 
0.1      "     slight. 
Fluid  II  alone,  0. 

No  reactivation, 

0.3  ccm,  moderate, 
0.5      "       0. 
Fluid  VI  alone,  0. 

0.5    ccm.  Ulmy. 
0,75    "        0, 
Fluid  VII  alone,  0. 

|3 
II 

H 

0.35  ccm.  complete. 
0.1        "     trace. 
Fluid  I  alone,  0. 

0,1   ccm.  complete. 
0.03      "     slight. 
Fluid  III  alone,  0, 

0.5    ccm,  moderate, 
0.35       "      0, 
Fluid  VI  alone,   0, 

0,5    ccm,   tilmy. 
0.35      "       0, 
Fluid  VII  alone,  0, 

1 
E 

,     3 

^ 

U 

b 

1- 
FluidVI  J 

r 

Fluid  VII-j 
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titgalization,  suspended  afresh  in  salt  solution  and  treated  with  com- 
plement, consisting  of  0.5  cubic  centimeter  of  ascitic  tiuid  III. 

Amboceptor. 
Human-blood-goat  serum.  Degree  of  solution. 

0.1    ccm.  complete 

0.075  "  filmy 

0.02     "  minimal 
control  (complement  0 

alone) 

Finding  that  0.1  cubic  centimeter  was  the  simple  completely  lytic 
dose  of  amboceptor  a  complement  determination  was  made  in  the 
same  manner. 

Human  corpuscles  were  treated  with  0.1  cubic  centimeter  of  ambo- 
ceptor, the  excess  of  iluid  was  removed  by  the  eentrifugalization,  and 
the  laden  corpuscles,  freshly  suspended,  were  treated  with  graduated 
amounts  of  complement. 

Complement  (ascitic  tiuid  III).  Degree  of  solution. 
0.1    ccm.  complete 

0.075  "  filmy 

0.03-0.02     •'  slight 

0.0      •'  0 

It  is  seen  here  that  the  presence  of  the  specific  serum  throughout 
the  reaction  makes  it  necessary  to  employ  five  times  as  much  amlxi- 
ceptor  and  five  times  as  much  complement  as  would  be  needed  were 
the  inhibitive  action  of  the  specific  sermu  eliminated. 

Experiments  described  in  another  article  "  jn-oved  that  tlie  ascitic 
fluids  exert  but  very  feeble  antiamboceptor  action  upon  the  human- 
blood-goat  serum,  and,  therefore,  all  or  very  nearly  all  of  the  inhibi- 
tive action  depends  upon  the  amboceptor  serum,  as  in  the  case  con- 
sidei'ed  when  dealing  with  conii)lement  of  human  serum. 

Summary. 

1.  The  body-fluids  examined  contain  complements  capable  of  re- 
activating various  amboceptors. 

2.  The  reactivating  ])o\vor  is  not  equal  in  the  sevei'al  sj)ecimens. 

"Marshall  and  Morgenroth,  Cenlralblalt  f.  Bakleriolot/ie  iiiid  Paraxiletikunde,  erale 
Mtheilmui,  I'.lOa,  xxxi,  570. 
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o.  The  coiiipleineut  strength  for  a  given  lysin  may  vary  in  several 
fluids  independently  of  the  coniplenient  strength  for  other  lysiiis. 

•i.  In  order  to  determine  the  actual  complement  strength  of  the 
fluid  any  inhihiting  action  of  the  amboceptor  fluid  must  be  eliminated. 
The  same  precaution  is  necessary  in  order  to  determine  the  simple 
completely  lytic  dose  of  amboceptor. 

5.  The  complement  action  of  the  body  fluids  seems  more  pro- 
nounced than  that  of  the  human  serum  examined. 

Amboceptor  Content. 

The  several  fluids  were  inactivated  by  heating  to  56°  C.  for  half 
an  hour  and  examined  for  amboceptor.  Xo  complement  action  re- 
mained after  this  procedure. 

Fluid  I  was  devoid  of  amboceptor  for  human  red  corpiiscles. 

Wlien  ascitic  fluid  and  complement  (goat  serum  or  guinea-pig 
serimi)  and  blood  were  mixed  no  amboceptor  appeared  for  ox  blood 
or  sheep  blood.  By  the  method  of  union,  however,  amboceptor  was 
foimd.  Corpuscles  and  ascitic  fluid  I  were  mixed,  aud  after  one-half 
hour  the  corpuscles  were  recovered  by  ceutrifugalizatiou,  washed  with 
salt  solution,  again  centrifugalized,  suspended  afresh  in  salt  solution 
and  treated  with  0.15  cubic  centimeter  guinea-pig  complement. 

Degree  of  Solution. 


mboceptor  (ascitic  fluid  I). 

O.t  blood. 

Sheep's  blood. 

1.0  ccm. 
0.5      •' 
0.25    '• 
0.1     " 

0.0     •' 
(complement  alone) 

complete 

filmy 
0 

complete 
moderate 
slight 
trace 

On  the  same  day  and  with  the  same  materials  the  following  experi- 
ment was  performed : 

Amboceptor  for  ox  blood  was  removed  by  treating  ascitic  fluid  I 
with  ox  blood-corpuscles  freed  from  serum  by  several  washings  with 
salt  solution. 

Ascitic  fluid  thus  prepared  was  recovered  by  centrifugalization 
and  tested  for  amboceptor  for  sheep  blood,  controls  showing  that  this 
fluid  no  longer  contained  amboceptor  for  ox  blood. 
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As  complement  0.15  cubic  centimeter  of  guinea-pig  serum  was 
employed. 

Ascitic  fluid.  Degree  of  solution  of  sheep's  blood. 

1.0  ccm.  moderate 

0.5     "  slight 

0.25    "  trace 

0.1      " 
0.0      " 
(complement  alone). 

Summary. 

1.  Ascitic  fluid  I  contains  no  amboceptor  available  for  human 
blood-corpuscles. 

2.  Ascitic  fluid  I  contains  amboceptor  for  sheep's  blood  and  ox 
blood. 

3.  The  inhibitive  action  of  ascitic  fluid  I  conceals  the  presence  of 
the  amboceptor  when  guinea-pig  serum  or  goat  serum  is  used  as  com- 
plement." 

4.  There  are  at  least  two  groups  of  amboceptors  in  ascitic  fluid  I. 
One  with  affinity  for  ox  blood  and  one  for  sheep  blood.  (In  remov- 
ing the  amboceptor  for  ox  blood  the  ascitic  fluid  is  somewhat  diluted 
with  salt  solution.  The  weakened  amboceptor  action  seen  in  the 
second  sheep  blood  experiment  may  be  due  to  this  dilution  alone ;  or 
it  may  be  due  in  part  to  a  third  amboceptor  group  with  affinities  for 
both  ox  blood  and  sheep  blood.) 

An  experiment  made  with  ascitic  fluid  III  may  be  recorded  at  this 
point. 

Tests  were  made  to  learn  at  what  temperature  the  haemolytic 
action  of  fresh  active  ascitic  fluid  III  occurs ;  and  to  determine 
whether  there  is  union  of  corpuscle  and  haemolysin  at  temperatures 
too  low  for  haemolysis  to  occur. 

Tubes  containing  ascitic  fluid  III  and  rabbit  blood  were  kept  at 
various  temperatures,  and  after  two  hours  the  degree  of  solution 
was  noted.  The  corpuscles  and  fluid  were  separated  by  centrifugal- 
ization,  the  corpuscles  suspended  afresh  in  salt  solution  and  to  the 

"Marslinll  and  Morgeiirotli,  loc,  cit. 
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menstruum  was  added  the  sediment  obtained  by  centrifugalizing 
1.0  cubic  centimeter  of  rabbit  blood  suspension.  The  tubes  were 
then  kept  for  two  hours  in  the  thermostat,  and  remained  on  ice  over 
night.     The  results  were  recorded  in  the  morning. 

Preliminary  determinations  showed  that  0.85  cubic  centimeter 
exactly  dissolves  1.0  cubic  centimeter  of  5  per  cent  suspension  of 
rabbit  blood.  2.0  cubic  centimeters  of  ascitic  fluid  HI  and  1.0  cubic 
centimeter  rabbit  blood  were  employed. 


Temperature. 
5°  C. 

10°  C. 

15°  C. 
30°  to  38°  C. 


TABLE  XIII. 


-\fter  3  hours. 

0 

0 

trace 

complete 


Menstimui 
complete 


This  experiment  shows  that: 

1.  With  ascitic  fluid  III  haemolysis  of  rabbit  blood  occurs  be- 
tween the  temperature  15°  and  20°  C. 

2.  Both  amboceptor  and  complement  of  ascitic  fluid  III  require  a 
minimal  temperature  of  from  15°  to  20°  C.  in  order  for  union  to 
occur  with  rabbit  blood. 

3.  Amboceptor  and  complement  of  ascitic  fluid  VII  can  not  be 
separated  by  this  procedure. 

For  the  sake  of  brevity  the  experiments  with  the  various  fluids 
upon  blood  of  man,  ox  and  sheep  are  tabulated. 

The  experiments  were  made  by  the  method  of  union,  using  guinea- 
pig  serum  as  complement.  The  amount  of  ascitic  fluid  used  is  noted 
in  the  table. 


Degree  of  solution  of 

sheep's  blood. 
1.0  ccm.  complete 
1.0  "  translucent 
0.1  "  complete 
1.0  "  moderate 
1.0  "  complete 
0.25  " 

lowest  complete  dose 
not  reached 


TABLE  XIV. 

Degree  of  solution 

of 

Degree  of  solution  of 

luid. 

human  blood. 

o-x  blood. 

I 

1.0  ccm. 

=  0 

0.25 

ccm.  complete 

II 

1.0     " 

=  0 

1.0 

"      slight 

III 

=  0 

1.0 

trace 

IV 

2.0     " 

VI 

2.0     " 

=  0 

2.0 

"      complete 

VII 

3.0     " 

=  0 

0.5 

" 
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Controls  made  without  reinoviiii;-  the  ascitic  fluids  bv  centrifiigali- 
zation  gave,  for  the  most  part,  no  solution,  as  was  described  for  tliiid 
I ;  but  with  fluids  II,  III,  V  and  VII  an  amboceptor  for  sheep  blood 
appeared  M'hen  the  fluid,  sheep's  blood  and  guinea-pig  complement 
were  simply  mixed  and  allowed  to  stand  in  the  thermostat.  The 
same  result  occurred  with  fluid  VII  and  ox  blood.  In  all  of  these 
cases  much  stronger  amboceptor  action  was  obtained  by  the  method 
of  union. 

Other  amboceptor  experiments  will  be  given  briefly : 

Fluid  II  failed  to  show  amboceptor  for  human  bluod  when  reacti- 
vated by  fresh  ox,  goat,  sheep  or  rabbit  serum.  With  fluid  1 1  and  ox 
blood  the  rabbit  complement  acted  slightly.  Tlio  other  three  sera 
gave  negative  results. 

Fluid  III  showed  no  amboceptor  for  ox  or  rabliit  lilood  when  ox, 
goat,  or  rabbit  serimi  were  used  as  comjilement. 

Fluid  V  showed  no  amboceptor  for  Inuuau  or  ox  blood  with  luiman 
serum  as  complement. 

Fluid  VI  showed  no  amboceptor  for  chicken  or  goose  blood  with 
guinea-pig,  ox,  goat  or  rabbit  serum  as  complement. 

Fluids  TI  and  VII  were  tried  as  amboceptor  for  several  bloods, 
with  guinea-i)ig  serum  as  complement. 

TABLE  XV. 

Blood.  Fluid  VI.  Fluid  VII. 

Rabbit  1.0    ccm.     minimal  1.0  com.     lilmy 

Goat  O.'i.'i      "      complete  0.2.5     "      complete 

Horse  3.0        •■  0  3.0       "     traaslucent 

Guinea-pig  2.0        "  0  3.0      "      slight 

Smaller  do.ses  of  fluid  were  not  emjtioyed. 

In  all  cases  examined  (fluids  II,  III.  IV,  VI)  it  was  found  that 
amboceptor  for  sheep  blood  was  not  removed  when  amboceptor  avail- 
able for  ox  blood  was  removed. 

From  these  exjieriments  it  is  seen  that : 

1.  The  pathologic  body  fluids  contain  amboceptor  for  a  variety 
of  bloods. 
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2.  The  amboceptor  content  of  several  fluids  for  a  given  variety  of 
hlood  may  vary  independently  of  the  amboceptor  content  for  another 
variety. 

.').   There  is  more  than  one  group  of  amboceptors  in  the  fluids. 

4.  TJifFerent  fresh  sera  act  in  different  degrees  as  complements  for 
rhe  fluids. 

.").   No  amboceptor  was  found  available  for  human  blood. 


EPITHELIOMA  ADAMANTINUM. 

By  H.   S.  STEENSLAND,   M.   D. 
Director  of  the  Pnt/iological  Laboratory  of  the  College  of  Medicine,  S'jracnse  University. 

An  effort  is  made  to  include  here  the  more  important  literature 
of  the  subject  of  this  article  appearing  since  1884.  Many  cases  are 
reported  under  titles  that  make  them  difficult  to  find.  Others  are 
not  described  with  sufficient  accuracy  for  their  certain  recognition. 
The  description  of  the  paradental  epithelial  debris  (debris  epitheliaux 
paradentaires)  and  the  pointing  out  of  its  probable  relation  to  these 
timiors  by  Malassez  (1)  in  1885  gave  to  their  pathology  a  more  logi- 
cal and  firmer  basis  than  it  had  previously  possessed.  Little  has  been 
added  to  knowledge  of  the  subject  since  that  time.  The  most  notable 
contribution  is  perhaps  that  of  Chibret  (2),  who  described  the  forma- 
tion of  enamel  and  of  cemento-dental  tissue  in  one  of  these  tumors. 
In  1897  there  was  published  by  Goebel  (3)  a  review  of  the  literature 
on  all  tumors  of  the  jaw  bones  referable  to  the  dental  system.  The 
majority  of  the  contributions  appearing  before  1885  are,  to  a  con- 
siderable extent,  only  of  historical  value.  The  statistics  here  pre- 
sented are  based  upon  twenty-two  cases.  A  brief  synopsis  of  these 
cases  is  appended.  I  have  had  the  opportvmity  of  studying  the  follow- 
ing ease. 

Abstract  from  the  Clinical  Histonj. — The  patient,  female,  aged  thirty 
years,  was  admitted  to  St.  Joseph's  Hospital.  Two  years  and  three 
months  ago  she  first  noticed  a  small,  hard  tumor  near  the  first  bicuspid 
tooth  on  the  left  side  of  the  lower  Jaw  bone.  It  grew  slowly.  In  child- 
hood there  was  nothing  unusual  about  Iier  teeth,  which  were  perfectly 
regular  and  even  up  to  the  time  of  her  present  illness.  Examination 
shows  that  the  tumor  extends  from  angle  of  jaw  nearly  to  the  median  line. 

The  dentist  of  the  patient  furnished  the  following  history.  Two 
years  and  three  months  ago  the  patient  consulted  him  for  what  she  con- 
sidered to  be  an  abscess  in  connection  with  a  tooth.     The  enlargement 
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was  apparent  botli  ioside  and  outside  the  mouth  and  was  quite  painful. 
As  nearly  as  he  remembers  the  teeth  were  all  intact,  the  crowns  being 
normal  and  no  fillings  having  been  introduced.  The  inferior  maxillary 
bone  was  enlarged  in  the  neighborhood  of  the  first  and  second  molar 
leeth,  both  of  which  were  loose.  On  extracting  the  second  molar  no 
fluid  appeared.  On  extracting  the  first  molar  there  was  a  considerable 
discharge  of  thin,  brown  fluid  without  odor  (evidently  the  contents  of  a 
cyst).  The  roots  of  the  extracted  teeth  were  almost  absent.  The 
patient  was  referred  for  treatment  to  St.  Joseph's  Hospital,  where  an 
operation  wajs  performed  by  Dr.  Xathan  Jacobson.  Six  mouths  after 
operation  there  is  no  evidence  of  recurrence. 

Abstract  from  the  Pathological  Record. — The  specimen  consists  of 
part  of  the  left  lower  jaw  bone,  extending  from  the  angle  nearly  to  the 
median  line.  The  enlargement  begins  about  3  cm.  anterior  to  the  angle 
of  the  jaw  and  involves  the  bone  for  a  distance  of  7  cm.  The  tumor 
measures  7x3  cm.     It  is  covered  with  a  thin  shell  of  bone. 

There  are  at  niv  disjwsal  for  description  a  tew  small  blocks  of 
tissue  from  the  tumor  fixed  in  Zenker's  fluid  and  decalcified  in  five 
per  cent  nitric  acid.  In  this  tissue  the  cystic  quality  of  the  tumor  is 
evident.  The  largest  cvst  seen  is  7  mm.  in  diameter  and  is  empty. 
Sections  are  cut  in  paraflin  0  ij.  thick,  and  stained  with  eosin  and 
methylene  blue. 

Microscopical  Examination. — ^[any  of  the  sections  show  the 
mucous  membrane  of  the  mouth  and  a  thin  shell  of  bone  and  fibrous 
tissue  surrounding  the  tumor.  The  layer  of  bone  is  interrupted  in 
many  places.  The  areas  of  bone  are  partially  surrounded  by  osteo- 
blasts and  an  occasional  osteoclast  is  seen.  The  tumor  itself  consists 
of  a  connective-tissue  stroma,  in  which  there  are  alveoli  formed  by 
epithelial  cells.  The  appearance  under  low  power  is  well  repre- 
sented in  Borst's  (4)  plates.  The  epilhelial  elements  represent  the 
enamel  organ  and  are  largely  in  the  stage  corresponding  to  the  greatest 
<leveloj)meiit  of  the  stratum  niucosum  (Fig.  1).  One  or  two  areas, 
somewhat  removed  from  the  periphery,  reiiresent  the  stage  immedi- 
ately preceding  the  development  of  the  stratum  intermedium  and  the 
stratum  raucosum  (Fig.  2,  c).  Xo  definite  karyokinetic  figures  are 
seen  here,  but  some  nuclei  stain  more  dec]>ly  than  others  and  have  a 
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slightly  ragged  surface.  This  is  represented  at  d,  Fig.  2,  where, 
apparently,  the  stratum  intermedimn  is  beginning  to  develop.  Inter- 
cellular bridges,  perhaps  corresponding  to  those  of  the  epithelium  of 
the  mucous  membrane  of  the  mouth,  are  seen.  The  appearance  here 
suggests  carcinoma.  In  many  places  the  stratum  mucosum  is  largely 
replaced  by  cysts  containing  a  finely  granular  material  staining  with 
eosin.  Anastomosis  of  the  alveoli  suggests  that  the  epithelial  con- 
stituents form  a  solid  framework  similar  to  that  which  has  been 
shown  to  exist  in  carcinoma  by  means  of  reconstructed  serial  sections. 

In  the  large  alveoli  is  seen  an  external  layer  of  cells,  which  in 
some  places  are  cylindrical,  in  other  places  cubical  (Fig.  1,  a).  The 
layer  is  occasionally  invaginated  and  thei'efore  appears  in  the  section 
to  be  situated  inside  of  the  alveolus.  The  cylindrical  cells  perhaps 
correspond  to  the  inner  epithelial  layer  of  the  enamel  organ,  the 
cubical  cells  to  the  outer  epithelial  layer.  Often,  but  not  regularly, 
within  the  external  layer  are  one  or  more  layers  of  flattened  cells, 
which  tend  little  by  little  to  assume  the  stellate  form  and  correspond 
to  the  stratum  intermedium  (Fig.  1,  b).  Occupying  most  of  the  in- 
terior of  the  solid  alveoli  is  the  most  characteristic  feature  of  the 
tumor,  the  stratum  mucosum,  or  enamel  pulp,  consisting  of  anasto- 
mosing stellate  cells  (Fig.  1,  c).  When  seen  under  a  lower  power 
it  might  be  mistaken  for  niTicoid  tissue  and,  especially  when  present 
in  large  areas,  might  lead  to  a  diagnosis  of  myxoma.  There  are 
invaginations  of  the  external  layer  of  cells  which  with  the  adjacent 
stroma  simulate  the  "  Anlagen  "  of  teeth  in  their  early  stages  (Fig. 
1,  a).  This  gives  to  the  alveoli  the  appearance  of  gland  tubules  in 
a  stroma  of  mucoid  tissue  (Fig.  1),  especially  in  places  where  the 
invaginated  stroma  has  largely  lost  its  fibrillar  character  and  appears 
homogeneous  (Fig.  1,  d).  Evidences  of  karyokinesis  are  seen  in  the 
external  layer,  and  to  a  less  extent  in  the  stratum  intermedium. 

Various  stages  in  the  development  of  cysts  are  well  seen.  They 
are  dixe  evidently  to  a  hyaliiie  and  granular  degeneration  of  the 
stellate  cells  and  to  an  accumulation  of  fluid  between  these  cells. 
The  formation  of  the  stratum  mucosum  is  apparently  associated  with 
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an  accumulation  of  fluid  between  the  cells,  the  formation  of  long 
processes  of  the  cellular  protoplasm,  and  the  gradual  disappearance 
of  the  intercellular  bridges  (Fig.  1).  No  evidence  of  enamel,  den- 
tine, or  cement  is  seen.  Chibret  (2)  has  described  the  formation 
both  of  enamel  and  of  cemento-dental  tissue  in  a  similar  tumor. 
The  stroma  (Fig.  2,  a)  consists  of  dense  connective  tissue  in  which 
only  a  few  blood  vessels  (Fig.  2,  bb)  are  apparent. 

The  tumors  under  consideration  probably  originate  from  struc- 
tures described  by  Malassez  (1)  as  paradental  epithelial  debris  (de- 
bris epitheliaux  paradentaires).  A  rational  theory  of  the  histo- 
genesis of  this  class  of  timiors  dates  apparently  from  the  publica- 
tion of  his  first  article.  He  carefully  describes  and  illustrates  these 
cell  masses  as  they  occur  in  the  adult  and  discusses  their  histogenesis. 
He  attempts  to  explain  how  epithelial  tumors  may  originate  in  the 
bodies  of  the  jaw  bones  at  a  considerable  distance  from  surface  epi- 
theliiun.  In  the  intra-alveolar  tissue  surrounding  the  roots  of  nor- 
mal teeth  he  has  found  masses  of  cells,  and  from  a  study  of  the  devel- 
oping jaw  he  concludes  that  these  masses  represent  the  remains  of  the 
dental  ridge  and  some  of  the  epithelial  structures  originating  from 
it,  especially  the  neck  and  the  outer  epithelial  layer  of  the  enamel 
organ.  A  consideration  of  the  histogenesis  of  adamantine  epithe- 
lium suggests  the  possibility  that  adamantine  tumors  may  arise  from 
the  gingival  epithelium  and  from  any  of  the  derivatives  of  the  dental 
ridge.  The  cellular  masses  described  by  Malassez  are  distributed  in 
the  alveolo-dental  ligament  from  the  apices  of  the  roots  to  the  epi- 
tlielium  covering  the  gums.  The  "  debris  "  may  be  present  in  the 
marrow  spaces  of  the  jaw  bones  entii'ely  outside  the  alveolo-dental 
ligament.  This  fact  furnishes  an  anatomical  basis  for  the  origin  of 
tumors  of  the  jaw  bones  more  or  less  independent  of  teeth. 

Efforts  have  been  made  to  associate  the  etiology  with  irregularities 
in  the  development  of  the  teeth,  with  inflammatory  processes,  tramna, 
etc. ;  but  these  conditions  are  probably  secondary  rather  than  primary. 

The  sex  of  the  individuals  affected  is  stated  in  eighteen  recorded 
cases,  eight  occurring  in  men  and  ten  in  women.     The  age  when 
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the  tumor  was  first  noticed  could  be  estimated  in  sixteen  cases.  The 
youngest  individual  was  eight  years  of  age  and  the  oldest,  fifty-eight. 
The  greatest  number  of  patients,  five,  were  in  the  fourth  decade. 
In  two  other  cases  the  specimens  are  described  as  consisting  of  the 
jaw  bones  of  adults.  It  has  been  thought  that  these  tumors  are  prone 
to  occur  in  young  individuals,  especially  during  the  period  of  dental 
development.  The  description  and  figure  from  a  case  described  by 
Massin  (8)  as  congenital  do  not  give  evidence  that  he  observed  a 
tumor  of  this  class. 

The  location  of  the  tumor  is  mentioned  in  twenty  cases ;  seventeen 
times  it  was  situated  in  the  lower  jaw,  twice  in  the  upper.  Becker  (5) 
has  called  attention  to  a  possible  influence  of  the  difference  in  ana- 
tomical relations.  In  the  maxilla  perhaps  such  a  tumor  might  grow 
into  the  sinus  and  not  cause  any  apparent  swelling  or  other  promi- 
nent disturbances;  possibly  indefinite  neuralgic  and  other  symptoms 
might  be  caused  in  this  way. 

The  situation  appears  to  be  as  frequent  on  one  side  as  on  the  other. 
In  the  lower  jaw  the  main  mass  of  the  tumor  is  most  frequently  at 
the  angle  of  the  jaw.  From  here  it  may  extend  upward  to  the  artic- 
ular surface  and  into  the  coronoid  process  and  ventrally  as  far  as 
the  median  line.  In  one  case  the  tumor  is  said  to  have  implicated  one 
entire  inferior  maxilla ;  twice  the  location  was  in  the  body  ventral 
to  the  angle  and  four  times  its  position  was  median.  Of  the  two  cases 
affecting  the  upper  jaw,  both  were  on  the  left  side  and  in  one  of  these 
the  sinus  had  been  invaded.  In  Case  !N^o.  13  (see  Table)  both  siniises 
were  invaded  and  both  sides  of  the  lower  jaw  bone  were  implicated. 
A  median  position  in  the  upper  jaw  is  not  mentioned. 

These  tumors  develop  in  the  interior  of  the  jaw  bone  which  remains 
as  a  thin  parchment-like  covering.  At  the  time  of  operation  they 
have  varied  in  size  from  that  of  a  phnu  to  that  of  the  head  of  a 
foetus,  but  are  most  frequently  about  the  size  of  a  hen's  egg.  In  two 
eases  it  is  stated  that  the  tumor  was  easily  separable  from  the  sur- 
rounding bone,  which  suggests  that  it  was  encapsulated.  In  four 
cases  no  macroscopical  cysts  were  present,  the  tumors  being  solid 
27 
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throughout.  Most  of  the  tumors  described  have  been  cystic.  The 
cysts  may  be  as  large  as  a  hen's  egg  and  usually  contain  a  clear, 
yellowish,  slightly  viscid  or  serous  fluid  in  which  cholesterin  crystals 
may  be  present.  Such  cysts  may  give  to  the  tumor  an  irregular  sur- 
face. The  presence  of  a  bony  framework  in  the  tumor  is  mentioned 
in  twelve  cases.  Perhaps  this  framework  corresponds  to  the  alveolar 
process  which  forms  about  normally  developing  teeth.  In  Case 
No.  13  fully  developed  teeth  were  present. 

Of  the  microscopical  appearance  of  these  tumors  the  clearest  de- 
scription is  that  given  by  Kruse  (6).  He  reports  three  cases  repre- 
senting different  stages  in  the  development  of  the  enamel  organ.  In 
the  individual  cases,  also,  different  stages  are  represented.  In  the 
first  case  the  epithelial  constituents  consist  of  dendritically  branch- 
ing twigs  composed  of  epithelial  cells  and  forming  solid  masses, 
situated  in  a  poorly  vascularized  stroma.  The  form  and  arrange- 
ment of  the  cells  is  similar  to  that  of  the  dental  ridge  in  an  early 
stage  of  development.  The  tumor  therefore  corresponds  in  its 
structure  to  an  early  stage  of  the  "  Anlage  "  of  the  tooth.  Kruse's 
second  case  has  in  part  the  same  structure  as  the  first,  but  there  is  more 
tendency  toward  the  formation  of  a  jjeripheral  layer  of  cylindrical 
cells.  In  some  places  small  cysts  are  present  and  there  is  one  macro- 
scopical  cyst  2  cm.  in  diameter.  Comparison  with  a  somewhat  later 
stage  of  the  dental  "  Anlage,"  where  outer  and  inner  enamel  epithe- 
lium, stratum  intermedium  and  stratum  mucosum  are  present,  show, 
according  to  the  description,  that  the  epithelial  twigs  of  the  tumor 
are  in  all  details  like  the  dental  "  Anlage,"  and  that  the  relation  of 
the  cells  to  each  other  is  the  same.  The  third  tumor  is  conspicuously 
cystic.  Some  cysts  are  microscopical  in  size  while  the  largest  is  the 
size  of  a  hen's  egg.  But  the  solid  parts  are  microscopically  like  the 
first  two  tumors,  presenting  solid  twigs  of  polygonal  epithelial  cells, 
some  with  a  peripheral  layer  of  cylindrical  cells,  some  with  beginning 
cyst-formation.  The  tumor  consists  largely  of  well  developed  cysts. 
The  size  and  the  structure  of  the  cysts  vary,  but  in  general  a  definite 
size  corresponds  to  a  definite  arrangement  of  the  cells.    In  the  smaller 
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cysts  the  wall  is  lined  with  low  cvlindrical  epithelium,  while  the 
lumen  contains  a  granular  hyaline  material.  The  larger  cysts  are 
lined  by  a  more  or  less  cubical  epithelium  and  three  to  four  layers 
of  squamous-  cells.  There  is  then,  according  to  Kruse,  a  continuous 
series  representing  different  degrees  of  differentiation,  each  of  which 
has  certain  individual  characters  and  in  addition  presents  transi- 
tional stages  to  the  others. 

Chibret's  (2)  work  is  especially  valuable.  He  describes  a  ease  in 
which  there  is  a  pronounced  tendency  toward  the  formation  of  the 
various  tissues  of  the  teeth.  The  case  presents  all  the  stages  in  the 
formation  of  the  tooth  up  to  the  development  of  enamel  and  of 
cemento-dental  tissue.  These  substances  are  foimd  at  the  borders  of 
the  most  highly  differentiated  alveoli.  The  cemento-dental  tissue 
resembles  cement  on  the  one  hand,  since  it  contains  large  osteoblasts, 
and  dentine  on  the  other  hand,  since  branching  canaliculi  are  present 
and  vessels  are  wanting.  In  very  few  of  the  cases  described  in  the 
literature  does  there  appear  to  have  been  represented  the  epithelial 
sheath  of  Hertwig.  Perhaps  this  explains  the  absence  of  roots  and 
of  characteristic  cement  and  dentine. 

A  remarkable  specimen  is  described  by  Hildebrand  (7).  He  ob- 
served in  the  case  of  a  boy  nine  years  old  an  excessive  development  of 
masses  of  teeth  in  the  interior  of  the  upper  and  lower  jaw  bones  on 
both  sides.  Xot  only  conglomerations  of  teeth,  but  also  more  or  less 
completely  isolated  teeth  were  present.  The  eruption  of  the  teeth 
appeared  to  have  been  entirely  irregular.  Perhaps  the  entire  epithe- 
lial "  Anlage  "  of  the  teeth  had  assumed  an  abnormal  function.  In 
the  soft  tissues  "  Anlagen  "  of  teeth  in  all  stages  of  development 
were  represented,  together  with  dendritically  branching  masses  of 
epithelium.  These  masses  of  epitheliinu  are  not  described  in  detail, 
but  if  they  are  similar  to  those  in  the  cases  previously  cited,  the  case 
perhaps  belongs  to  the  groiip  under  consideration. 

The  growth  of  such  tumors  apparently  takes  place  by  the  forma- 
tion of  new  epithelial  twigs  from  those  already  present.  The  micro- 
scopical appearances  are  not  always  entirely  typical.     Some  areas 
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may  be  extremely  suggestive  of  carcinoma,  the  alveoli  being  irregular 
and  containing  epithelial  cells  that  are  only  slightly  differentiated. 
Structures  closely  resembling  epithelial  pearls  are  described.  Ben- 
necke  (9)  has  described  an  invasion  of  the  epithelial  masses  by  vascu- 
lar processes  of  the  surrounding  connective  tissue.  He  believes  that 
this  process  corresponds  to  a  similar  one  that  takes  place  in  the  normal 
enamel  organ.  The  adamantine  epitheliomata  are  I'elatively  benign. 
I  find  no  instance  in  which  metastases  have  occurred.  Enlargement 
of  the  lymph  nodes  may  result  from  associated  inflammatory  pro- 
cesses. In  one  case  a  diagnosis  of  abscess  was  made  and  the  tumor 
was  not  recognized  until  the  abscess  was  opened. 

The  name  "  Adamantinoma  "  is  suggested  by  Borst  (4)  for  these 
tumors.  The  term  Epithelioma  adamantinum  is  perhaps  more  accur- 
ately descriptive.  Where  the  cystic  quality  is  pronounced  the  adjec- 
tive "cysticum"  may  be  added  to  the  name  as  proposed  by  Goebel(3). 

In  some  of  the  cases  already  cited  there  has  been  a  history  of 
trauma,  such  as  a  blow  upon  the  jaw.  ISTot  infrequently  it  is  said 
that  an  inflammatory  process  in  connection  with  a  tooth  has  been 
present  at  the  onset.  With  the  growth  of  the  tumor  there  is  pain  and 
swelling,  although  pain  is  sometimes  stated  to  be  absent.  Enlarge- 
ment of  the  lymph  nodes  is  mentioned  only  in  infected  cases  and  in 
four  cases  was  said^to  have  been  absent.  The  absence  of  ulceration 
of  the  mucous  membrane  is  emphasized  in  seven  cases.  Its  presence 
is  mentioned  in  only  two  cases  and  was  apparently  due  to  ojierative 
procedures  or  to  inflammatory  processes  in  connection  with  teeth.  In 
the  most  careful  descriptions  it  is  insisted  that  the  tumors  have  no 
connection  with  the  epithelium  of  the  mucous  membrane.  In  the 
region  of  the  tumor  the  teeth  become  more  or  less  irregular  and  t<> 
a  considerable  extent  are  lost.  In  Case  Xo.  13  the  development  of 
the  teeth  is  said  to  have  been  irregular.  Fluctuation  could  be 
demonstrated  in  one  case.  Its  demonstration  depends  uiwn  the  pres- 
ence of  a  fairly  large  cyst  near  the  surface  of  the  tumor.  In  Case 
No.  13  the  teeth  in  the  tumor  cm],]  lie  ])ali)atcd.  Tlie  presence  of 
parclinicnt-like  crepitation  is  mentioned  in  five  cases,  l)\it  could  per- 
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haps  have  been  demonstrated  in  more  as  the  tumors  were  all  sur- 
rounded by  a  thin  shell  of  bone.  In  five  cases  the  tumor  was  infected. 
There  was  present  either  an  abscess  or  a  fistula  leading  into  the 
mouth.  One  may  readily  understand  how  a  cyst  might  become  in- 
fected as  a  result  of  incisions  or  inflammatory  processes  in  connection 
with  teeth.  In  three  cases  variation  in  the  rate  of  growth  of  the 
tumor  is  mentioned. 
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DESCRIPTION  OF  PLATE. 
Fig.   \. — Sbowing  part  of  an  alveolus. 

a.     External  layer  of  cubical  and  cylindrical  cells,  which  is  iu  places  inva);;inated 
and  therefore  appears  to  be  within  the  alveolus. 
6.     Layer  of  cells  corresponding  to  stratum  intermedium. 

c.  Tissue   formed    by    anastomosing    stellate    cells,    corresponding    to    stratum 
mucosum. 

d.  Invaginated  stroma. 

t.      Blood  vessels  in  invaginated  stroma. 
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Fig.  2.— a.     Stroma. 

6.     Blood  vessels  in  stroma. 

c.  Cells   representing   tliat   stage  wliieh  precedes   the   formation  of  the    stratum 
intermedium  and  stratum  mucosiim. 

d.  Cells  representing  the  early  development  of  the  stratum  intermedium.     Nuclei 
are  deeply  stained  and  have  a  ragged  surface  suggesting  karyokinesis. 
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THE    BACTERIOLOGY    OF    BEOXCHO-    AXD    LOBULAR 
PXEUIIONIA  IX  IXFAXCY. 

By   MARTHA  WOLLSTEIX,  M.   U. 
{From  the  Pathological  Laboratory  of  the  Babiex  Hospital,  Xem  York.) 

The  follo-H-ing  study  of  the  bacteriology  of  pueumonia  iu  infancy 
was  carried  on  at  The  Babies'  Hospital  for  several  years,  with  the 
view  of  determining  the  relationship  between  the  extent  of  the  pneu- 
monic areas  and  the  variety  of  bacteria  present,  and  the  difference,  if 
any,  between  the  bacteriology  of  the  primary  and  of  the  secondary 
infections. 

TECHXIQUE. 

Forceps  and  scalpels  were  enclosed  in  sheet  iron  boxes  and  sterilized 
in  the  hot-air  oven  for  one  hour  at  120°  C. ;  of  these  several  were  kept 
ready  for  use.  The  sternum  having  been  removed  with  a  sterile  knife, 
the  lungs  were  in  turn  quickly  dra^\Ti  up  with  forceps,  sufficiently  to 
expose  the  consolidated  areas.  Incisions  or  stabs  were  made  into 
these,  a  fresh  knife  being  used  for  each  stab.  The  platinum  loop  was 
then  pliuiged  into  the  incision  and  glucose  agar  slants  inoculated. 
Cover-glasses  were  also  spread  and  served  as  a  control.  After  eighteen 
to  twenty-four  hoiirs  in  the  thermostat  the  tubes  were  examined  and 
plates  prepared  from  them.  All  the  cultures  of  pneumococci  and 
many  of  those  of  streptococci  were  inoculated  into  white  mice  and 
rabbits.  Cultures  from  the  heart's  blood  and  from  the  other  viscera 
of  the  animals  which  succumbed  were  made  at  the  autopsy  in  the  same 
manner  as  from  the  human  cases.  Avoiding  the  searing  of  the 
organs  in  cases  from  which  the  pneumococcus  is  to  be  cultivated 
proved  an  advantage.  Microscopic  examination  of  the  lungs  was 
made  in  everv  case. 
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AGE    A2CD    SEX. 

The  one  hundred  cases  ranged  from  eighteen  davs  to  three  and  a 
half  years  of  age. 

13  were  imder  3  mouths  okl. 
26      "      bet^veen  3  and     G  months  old. 
30      "  "  6  and  12 

20      "  "       12  and  18        " 

6      "  •'       IS  and  2-4        " 

4      "  "2  and  3  years  old. 

1  was  31/^  years  old. 
Among  these  were  56  males  and  44  females. 

PBIMAET    BEOXCHO-PXEUMOXIA. 

The  series  includes  33  primary"  cases,  aged  from  six  weeks  to  two 
and  a  half  years.  In  eleven  cases  the  consolidated  areas  were  rela- 
tively small  and  scattered  in  both  lungs;  in  six  they  existed  in  cue 
lung  alone.  The  areas  had  coalesced,  so  that  the  greater  part  of  one 
lobe  was  involved  in  two  cases  and  of  two  lobes  in  the  same  mimber. 
In  twelve  cases  the  gi-eater  part  of  a  lobe  was  solid  while  smaller 
areas  were  scattered  throughoiit  other  lobes. 

The  pneumococeus  was  present  in  pure  cultures  in  fifteen,  asso- 
ciated with  the  streptococcus  in  seven,  and  the  staphylococcus  i>yo- 
genes  aureus  in  three  cases.  The  streptococcus  was  found  alone  in 
two  cases  and  associated  with  the  staphylococcus  pyogenes  aureus  in 
two  more.  The  staphylococcus  pyogenes  aureus  was  present  alone 
in  two  cases,  associated  with  the  bacillus  coli  communis  in  one  case, 
and  the  streptococcus  and  oidium  albicans  in  one  case. 

The  following  table  shows  the  anatomical  distribution  of  the 
lesions,  the  bacteriology,  and  the  condition  of  the  pleura  in  the  pri- 
marv  cases. 
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I  Pneumococcus. 

—  "  and  streptococcus. 

—  "  "    staph,  pvog.  aureus. 

—  Staphylococcus  pyogenes  aureus. 

—  Pneumococcus. 


I  I  "  and  streptococcus. 

—  "  "    staph,  p.  aureus. 

Staphylococcus  pyogenes  aureus. 

—  Streptococ.  and  staph,  pyog.  aureus. 

_  "         ,  s.  p.  aureus,  soor. 

_  Staphylococcus  p.  aureus,  b.  coll  com. 

—  Pneumococcus. 


and  streptococcus 


—    Streptococcus. 


—  means  none. 


The  relatively  large  percentage  of  cases  in  which  the  pneumococcus 
was  found,  alone  or  in  association  vdth.  other  organisms,  may  be 
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attributed  to  three  factors:  the  short  time  ehipsiug  between  death 
and  autopsy,  the  nse  of  glucose  glycerine  agar  for  the  first  inocula- 
tions, and  the  avoidance  of  heating  the  lung  before  taking  cultures 
from  it. 

While  the  pneumococcus  was  present  in  81  per  cent  of  the  cases 
in  which  all  or  the  greater  part  of  one  lobe  was  involved,  being  alone 
in  41  per  cent,  it  was  found  in  71  per  cent  of  the  focalized  cases,  in 
47  per  cent  being  in  pure  culture.  It  would  seem,  therefore,  that  in 
the  present  primary  series  the  pneumococcus  was  present  in  a  some- 
what larger  percentage  of  cases  of  broncho-pneumonia  involving  the 
greater  part  of  one  or  more  lobes,  as  compared  with  those  cases  in 
which  the  pneumonic  areas  were  merely  scattered  throughout  one 
or  both  lungs.  In  the  fifteen  cases  due  to  the  pnemnococcus  alone, 
there  was  acute  fibrinous  pleurisy  present  in  six,  acute  purulent 
exudate  in  five,  and  a  normal  pleura  in  four.  Of  the  twenty-five 
cases  in  which  the  pneumococcus  was  present,  eight  presented  no 
lesion  of  the  plevira.  Both  cases  in  which  the  streptococcus  was 
found  in  pure  culture  had  a  healthy  pleura.  There  was  a  fibrinous 
pleurisy  in  both  of  the  cases  due  to  the  staphylococcus  pyogenes  aTircus. 
Three  cases  were  complicated  by  inflammation  of  one  or  more  other 
serous  membranes  (pericardium,  peritoneum,  pia  mater,  synovial 
membranes)  from  all  of  which  the  pneumococcus  was  cultivated.  One 
case,  due  to  the  streptococcus  and  the  staphylococcus  pyogenes  aureus, 
was  followed  by  empyema  and  osteo-myelitis  of  one  rib.  Two  cases 
showed  the  presence  of  true  lobar  pneumonia  as  well  as  broncho- 
pneumonia, and  the  pneumococcus  was  present  in  botli  lesions. 

SECONDARY    BRONCHO-    AND    LOBULAR    PNEUStONIA. 

I.  Secondary  to  Athrepsia.  20  cases,  17  having  been  diagnosed 
before  death.  In  10  cases  the  pneumonic  areas  involved  all  or  the 
greater  part  of  one  or  more  lobes,  and  in  10  they  were  scattered 
throughout  one  or  both  lungs. 

The  pneumococcus  was  present  in  pure  culture  in  5  cases,  together 
with  tlie  staphylococcus  pyogenes  aureus  in   5  cases,  the  sta])hylo- 


]\rartha  Wollstein  395 

coccus  pyogenes  albus  and.  with  the  bacillus  coli  communis  each  in 
one  case.  The  streptococcus  was  found  in  pure  culture  in  one  case, 
together  with  the  bacillus  coli  communis  in  two  cases,  the  staphylo- 
coccus pyogenes  aureus  and  the  staphylococcus  pyogenes  albus  each 
in  one  case.  The  staphylococcus  pyogenes  aureus  was  found  in  pure 
cultures  in  two  cases.  The  bacillus  lactis  aerogenes  and  oidiura 
albicans  were  found  in  one  case.  There  was  fibrinous  pleurisy  in 
four  cases,  two  of  which  were  accompanied  by  purulent  bronchitis 
and  one  by  purulent  infiltration  of  the  lung  as  well.  In  the  latter 
case  the  pneumococcus  and  the  staphylococcus  pyogenes  aureus  were 
found;  in  the  former,  the  streptococcus  and  the  bacillus  coli  com- 
munis, which  combination  of  organisms  was  also  present  in  one  other 
case,  while  the  pneumococcus  alone  caused  the  fourth  one. 

II.  Enterocolitis.  Among  these  three  cases,  all  having  given 
symptoms  of  broncho-pneumonia  before  death,  one  was  complicated 
by  furunculosis.  In  this  latter  case  both  the  pneumococcus  and  the 
sti'eptococcus  were  cultivated  from  the  lungs.  Among  the  rest  the 
pneumococcus  was  fo\ind  in  pure  culture  in  one  case,  and  the  bacillus 
coli  communis  and  the  bacillus  proteus  vulgaris  were  grown  from  the 
third  case.  This  last  case  showed  scattered  pneumonic  areas  in  the 
right  upper  lobe  only,  while  in  the  pneumococcus  case  the  entire  left 
upper  lobe  was  solid  and  in  the  other  there  were  focalized  areas  in 
both  limgs  and  consolidation  of  the  lingula. 

III.  Diphtheria.  Five  cases  were  studied.  The  pneumococcus 
was  found  in  pure  culture  in  one  case,  the  streptococcus  in  two  cases, 
and  the  Klebs-Loeffler  bacillus  in  one  case.  Finally  in  one  case  the 
streptococcus  and  the  Klebs-Loeffler  bacillus  were  present  not  only 
in  the  lungs,  but  in  the  kidneys  as  well.  In  the  last  one  there  had 
been  no  symptoms  of  nephritis  during  life.  Lar^Tigeal  diplitheria 
existed  in  all  the  cases,  while  in  three  the  pseudo-membrane  had 
extended  into  the  trachea,  although  it  was  never  present  in  the 
bronchi. 

IV.  Measles.  Three  cases,  in  two  of  which  the  pneumococcus 
was  found  in  pure  culture,  were  examined.     Both  showed  scattered 
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foci  of  consolidation.  In  one  there  was  a  verv  recent  fibrinous  pleu- 
risy and  gangrenous  areas  in  both  lower  lobes.  In  the  third  case 
empyema,  purulent  pericarditis,  and  small  piilmonary  abscesses  de- 
veloped, the  streptococcus  alone  being  found.  It  had  also  been 
cultivated  from  the  empyemic  pus  before  death  in  this  case. 

V.  Meningitis.  Two  cases  were  studied  in  which  one  involved 
the  cerebral  membranes  only.  The  pneumococcus  and  the  strepto- 
coccus were  grown  from  the  lungs,  which  contained  scattered  pneu- 
monic areas  and  consolidation  of  three-qiiarters  of  the  right  lower 
lobe,  and  showed  fibrino-purulent  pleurisy.  The  pneumococcus  was 
present  alone  in  the  meningeal  pus  and  in  the  kidneys.  The  second 
case  followed  spina  bifida.  From  the  scattered  pneiimonic  areas  in 
both  limgs  in  this  case  the  streptococcus  and  oidium  albicans  were 
grown.  The  streptococcus  in  pure  culture  was  found  in  the  pus  of 
the  cerebro-spinal  meninges,  b\it  the  soor  fungus  appeared  in  the 
cultures  made  from  both  kidneys.  Thrush  had  been  present  in  the 
mouth,  but  had  disappeared  before  death. 

VI.  Cerebral  abscess.  One  ease  occurred  in  which  the  teruiinnl 
pneumonia  was  due  to  a  mixture  of  the  pneumococcus  and  colon  ba- 
cillus. 

VII.  Malaria.  Two  cases  in  which  death  was  caused  by  broncho- 
pneumonia. The  consolidated  foci  were  scattered  throughout  botli 
hmgs.  The'  staphylococcus  pyogenes  aureus  was  cultivated  from  one 
case  and  the  bacillus  lactis  aerogenes  from  the  other.  Tertian  mala- 
rial parasites  were  found  in  sections  of  the  lungs  and  spleen  in  l)oth 
cases  and  of  the  kidneys  in  one  case. 

VIII.  Septicaemia.  Six  cases  were  studied,  in  two  the  pneu- 
mococcus and  the  bacillus  pyocyaneus  were  found  in  tlio  hiiigs,  the 
bacillus  being  present  in  pure  culture  in  the  other  viscera  as  well. 
The  streptococcus  alone  was  found  in  a  case  following  a  surgical 
operation.  The  strejitococcus  and  the  staphylococcus  pyogenes  aureus 
were  present  in  one  case  in  which  the  sepsis  resulted  from  erysipelas 
originating  in  a  cervical  wound.  The  streptococcus  alone  was  found 
ill  the  heart's  blood  and  kidneys.     Staphylococcus  pyogenes  aureus 
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in  pure  culture  appeared  in  two  cases,  one  of  which  followed  furun- 
culosis,  the  same  organism  having  been  cultivated  from  several 
furuncles  during  life. 

IX.  Tuberculosis.  Twenty-five  cases  were  studied.  Eight  of 
these  were  of  the  pneumonic  type,  running  a  clinical  course  like  that 
of  acute  broncho-pneumonia,  the  tuberculosis  having  been  wholly  un- 
suspected in  three  instances,  in  two  of  which  the  tubercles  were  found 
to  be  very  recent  and  scattered ;  in  another  case  there  was  a  cavity  in 
the  right  middle  lobe.  In  all  but  two  of  these  eight  cases  there  was 
consolidation  of  one  or  more  lobes,  accompanied  by  acute  fibrinous 
pleurisy  in  three  instances  and  by  purulent  pleurisy  in  one  instance. 

The  pneumococcus  was  found  alone  in  two  cases,  in  association 
with  the  streptococcus  and  with  the  staphylococcus  pyogenes  aureus 
in  two  cases  each.  The  streptococcus  and  the  staphylococcus  pyo- 
genes aureus  were  combined  in  two  cases.  Tubercle  bacilli  were 
found  in  smears  and  in  sections  of  the  tissue  in  every  instance. 

In  one  child  the  clinical  coiirse  was  that  of  athrepsia,  the  child 
dying  of  broncho-pneumonia.  At  autopsy  the  lungs  contained  recent 
miliary  tubercles  and  scattered  areas  of  broncho-pneumonia,  from  the 
latter  of  which  the  pneumococcus  was  grown  in  pure  culture. 

Sixteen  cases  ran  a  clinical  course  of  general  miliary  tuberculosis. 
The  lungs  showed  consolidation  of  all  or  nearly  all  of  either  one  or 
two  lobes  in  seven  cases,  in  three  of  which  the  pneumococcus  was 
present  in  pure  culture.  In  one  case  of  the  focal  variety  it  was 
also  found  pure.  The  pneumococcus  and  the  streptococcus  were 
found  in  four  cases  and  the  pneumococcus  and  staphylococcus  pyo- 
genes aureus  in  three.  The  streptococcus  was  alone  in  three,  the 
staphylococcus  pyogenes  aureus  in  two  instances. 

In  seven  of  the  twenty-five  cases  smaller  or  larger  cavities  were 
present  (cavities  of  the  right  lung  occurred  five  times,  of  the  left 
lung  once,  of  both  lungs  once).  Among  these  7  cases  the  pneumo- 
coccus was  found  in  pure  culture  twice,  associated  with  the  strepto- 
coccus twice,  and  with  the  staphylococcus  pyogenes  aureus  twice. 
The  streptococcus  was  present  in  pure  culture  in  one  case.  In  one 
case  of  empyema  the  pus  contained  tubercle  bacilli  and  streptococci. 
28 
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Secondary. 

Total. 

10 

241 

7 

7 

10 

17 

10 

13 

1 
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3 

2 

2 

2 

1 

1 

Summarizing  the  above  results  we  find  that  the  pneumococcus 
was  present  in  67  of  the  100  cases  examined.  The  positive  cases  can 
be  divided  into  25  primary  and  42  secondary  pneumonias.  ^Yhile 
the  pneumococcus  appeared  in  76  per  cent  of  the  primary  cases,  it 
occurred  in  only  63  per  cent  of  the  secondary  cases.  And  while  it 
was  present  in  pure  culture  in  42  per  cent  of  the  primary  cases,  it 
was  found  alone  in  only  15  per  cent  of  the  secondary  cases.  The 
following  table  summarizes  the  bacteriology  of  the  entire  series : 

Primary. 
Pneumococcus 14 

"              and  tubercle  bacillus 0 

"                "     streptococcus 7 

"                 "    staph,  p.  aureus 3 

"                 "     diphtheria  bacillus 0 

"                  "     bacillus  pvocyaneus 0 

"                 "           "       coli  com 0 

"                  "       staph,  p.  albus 0 

Streptococcus 2 

"                 "    staph,  p.  aureus 2 

"                "       "         "       and  soor 1 

"                  "     diphtheria  bacillus 0 

"                "     staph,  p.  albus 0 

"                 "     bacillus  coli  com 0 

"                 "     soor 0 

Staphylococcus  pyogenes  aureus 3 

Staph,  p.  aureus  and  bacillus  coli  com 1 

Bacillus  lactis  aerogencs 0 

"            "              "          and  soor 0 

"         coli  com.  and  proteus 0 

33  67  100 

The  67  cases  showing  the  pneumococcus  were  accompanied  by 
inflammation  of  the  pleura  in  51  per  cent  (34  cases),  the  lesion 
being  an  acute  fibrinous  exudate  in  22  instances  (13  secondary,  9 
primary),  acute  purulent  exudate  (empyema)  in  4  instances  (2  pri- 
mary and  2  secondary),  and  a  fibrino-purulent  one  in  S  instances  (2 
primary,  6  secondary).  The  cases  from  which  the  pneumococcus  was 
absent  (33)  showed  pleurisy  in  one-third  of  the  number  (11  cases), 
the  inflammation  being  of  the  acute  fibrinous  variety  in  9  instances  (3 
primary  and  6  secondary)  and  purulent  in  2  instances  (1  primary 
and  1  secondary).  So  that  the  pneumococcus  cases  showed  a  de- 
cidedly larger  number  of  examples  of  pleurisy  than  did  those  of  other 
organisms.  The  percentage  of  empyema  cases  were  exactly  the 
same  (6%)  in  both  varieties. 
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Purulent  infiltrations  of  the  Inngs  occurred  in  7  cases,  and  all 
these  contained  the  pneumococcus,  either  alone  or  combined  with 
the  streptococcus  (3  instances)  and  the  staphylococcus  pyogenes 
aureus  (1  instance). 

Small  pulmonary  abscesses  existed  in  7  cases.  In  5  of  these  the 
pneumococcus  occurred,  twice  combined  with  the  tubercle  bacillus, 
once  with  B.  pyocyaneus  and  once  with  the  streptococcus.  In  two 
instances  the  streptococcus  was  present  alone. 

Of  the  100  cases,  45  were  coalescent,  and  therefore  "  pseiido- 
lobar "  in  distribution,  with  the  pneumococcus  present  in  .33  in- 
stances, or  73  per  cent.  In  31  of  55  focalized  cases,  or  56  per  cent, 
the  pneumococcus  was  also  found — a  decided  decrease. 

The  cases  of  primary  broncho-pneumonia  in  the  present  series 
show  a  larger  percentage  of  pneumococcous  infections  than  do  the 
secondary  cases.  Those  cases,  both  primary  and  secondary,  in  which 
the  inflammation  involves  all  or  nearly  all  of  a  lobe,  show  a  larger 
percentage  of  pneumococcus  infections  than  do  cases  of  the  focal 
variety.  The  pneumococcus  cases  show  a  larger  percentage  of  in- 
flammation of  the  pleura,  and  a  greater  tendency  to  purulent  infil- 
tration and  abscess  formation. 

Diirck '  states  that  the  pneumococcus  was  present  in  every  case  of 
primary  lobar,  pseudo-lobar  or  lobular  pneiuuonia.  While  our  own 
number  of  cases  containing  the  pneumococcus  is  larger  than  that  of 
Xetter'  and  ISTeumann,'  it  is  about  the  same  as  Mosny's,*  whose 
primary  cases,  however,  numbered  only  four.  Queisner  °  found  the 
pneumococcus  in  eight  cases  examined,  while  Blumer  °  did  not  find  it 
at  all  in  eighteen. 

The  secondary  cases  in  the  main  bear  out  Pearce's '  statement  that 

'Beut.  Archivf.  klin.  Med.,  1897,  Iviii,  368. 

^Arch.  de  med.  exp.,  1893,  iv,  28. 

^Jahrb.f.  XiredecAeHt.,  1899-90,  xxx,  233. 

*  Etude  sur  la  broncho-pnenmonie,  Paris,  1891. 

'■Jahrb.  f.  Kinderheilk. ,  1899-90,  xxx,  277. 

^Albany  Med.  Annals,  1901,  xxii,  424. 

'  Boston  Med.  and  Surg.  Journ.,  1897,  cxxxvii,  .561. 
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in  all  cases  where  a  local  or  general  infection  existed  the  associated 
broncho-pueiunonia  was  due  to  the  same  micro-organism.  Blumer 
had  the  same  experience.  In  the  five  athrepsia  cases  in  which  the 
pneumococcus  was  found  in  pure  culture,  no  other  inflammatory 
lesion  was  present.  The  same  was  true  of  the  one  case  containing 
the  streptococcus  alone.  Three  cases  having  the  staphylococcus  pyo- 
genes aureus  in  the  lungs  at  autopsy  (combined  with  the  pneumo- 
coccus in  two  instances)  had  shown  the  same  organism  in  the  dis- 
charge from  a  purulent  otitis  media  before  death. 

Since  the  influenza  bacillus  was  not  searched  for  as  a  matter  of 
routine,  it  may,  of  course,  have  been  overlooked  in  some  instances. 
In  two  cases  which  came  to  autopsy  with  a  diagnosis  of  influenza 
cultures  from  the  lungs  were  made  on  blood  agar  with  negative 
results. 


A  MALIGNANT  TERATOMA  OF  THE  PERINEUM. 

By   R.   H.   whitehead,   M.   D.,   Chapel  Hill,  N.  C. 

{.From  the  Hull  Anatomical  Laboratory,  the  University  of  Chicago.) 

The  clinical  history  of  the  case,  for  which  I  am  indebted  to  Drs. 
W.  H.  WTiitehead  and  I.  H.  Manning,  of  Rocky  Mount,  N.  C,  is 
as  follows : 

The  patient  was  a  male  child,  born  in  October,  1898.  In  July, 
1899,  the  child's  father  noticed  a  small  tumor,  about  the  size  of  an 
acorn,  situated  in  the  middle  line  half  way  between  the  anus  and 
scrotum.  The  tumor  was  subcutaneous,  and  neither  painful  nor 
tender.  In  October,  1900,  it  began  to  increase  in  size  quite  rapidly, 
as  the  result,  the  father  thought,  of  several  blows  upon  it;  and  the 
penis  became  persistently  erect.  The  child  had  no  other  abnormality, 
and  seemed  in  excellent  physical  condition.  The  growth  was  removed 
by  Dr.  Tiffany,  of  Baltimore,  in  February,  1901.  There  was  a 
speedy  recurrence  in  loco,  so  that  imder  date  of  March  18,  1901,  Dr. 
Manning  wrote  me  that  the  site  of  the  wound  was  occupied  by  a  slough- 
ing cauliflower  mass  as  large  as  an  orange,  and  that  a  lymph  node  in 
the  right  groin  was  the  seat  of  a  metastasis,  the  size  of  a  walnut, 
ulcerating  through  the  skin. 

At  the  time  of  the  operation  two  portions  of  the  growth  were  sent 
in  alcohol  to  me  for  examination.  One  of  them,  almond-shaped,  and 
about  3  cm.  in  its  longest  diameter,  consisted  largely  of  bone.  Pieces 
decalcified  in  5%  nitric  acid  showed  the  following  structure.  Both 
surfaces  of  the  piece  are  covered  by  epidermis,  which,  though  quite 
thin,  can  in  most  places  be  divided  into  the  three  layers  characteristic 
of  that  structure,  with  here  and  there  an  epithelial  peg.  The  epi- 
dermis rests  upon-  a  cerium  which  contains  rudimentary  papillae, 
sebaceous  follicles,  and  hair-roots.  A  little  deeper  in  the  section  are 
niunerous  plates  of  bone  with  rather  large  marrow  sjiaces.  In  addi- 
tion, there  are  found  a  number  of  cyst-like  spaces  lined  by  an  epi- 
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dermis,  which  rests  upon  connective  tissue  containing  sebaceous  folli- 
cles and  hair-roots.  These  sjjaces  contain  amorphous  debris  and  a 
few  hairs — in  short,  in  the  interior  of  the  tumor  are  several  minute 
dermoids.  There  is  another  space  qiiite  different  from  those  just 
described.  It  is  lined  by  mucous  membrane,  the  epithelium  of  which 
is  composed  of  stratified  columnar  ciliated  cells.  The  epithelium 
presents  a  sinuous  outline,  being  thrown  up  into  minute  ridges  by  a 
loose  cellular  submucosa.  Outside  of  this  is  a  quite  distinct  circular 
band  of  smooth  muscle  tissue.  There  is  still  another  space  lined  by 
stratified  squamous  epithelium,  which  is  more  or  less  parallel  with 
the  preceding.  Indeed,  the  two  rim  together  throughout  a  consider- 
able extent  of  the  piece,  and  at  one  point  there  is  a  wide  opening 
between  them,  with  quite  a  sharp  line  of  demarkation  between  the 
two  sorts  of  epithelium.  In  addition  to  these  structures,  there  were 
noted  a  very  few  striped  muscle  cells,  and  a  plate  of  cartilage  which 
stained  deeply  with  hematoxylin.  The  tumor  is  fairly  well  supplied 
with  blood-vessels  and  lymphatics. 

Microscopical  examination  of  the  second  piece  of  tissue  previously 
alluded  to,  shows  it  to  consist  of  striped  muscle  tissue  extensively 
infiltrated  by  masses  of  new  growth.  The  muscle  is,  for  the  most 
part,  in  various  stages  of  atrophy  and  degeneration.  Presumably 
it  is  a  portion  of  one  of  the  perineal  muscles.  The  tumor  masses  may 
be  divided  roughly,  according  to  size,  into  large  and  small.  The 
latter  are  more  or  less  circular  in  shape.  In  some  cases  it  can  be 
made  out  quite  clearly  that  they  are  contained  within  spaces  lined 
by  flattened  endothelial  cells  quite  distinct  from  the  tumor  cells; 
while  in  other  cases  there  is  no  clear  line  of  separation  between  them, 
the  two  passing  into  each  other  by  a  gradual  transition.  These 
spaces  contain  no  blood,  and  are  probably  ]ym])hatics.  In  the  spaces 
the  cells  are  cuboidal  or  spindle-shaped,  and  have  large  nuclei,  of 
which  some  contain  well-marked  nucleoli,  others  only  chromatic 
granules.  In  some  of  the  spaces  the  arrangement  of  the  cells  is 
distinctly  papillary  in  character:  on  a  blood  capillary  as  a  stalk  the 
cells  are  placed  in  a  thickness  of  one  or  more  layers;  sometiiiies  the 
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capillary  can  be  traced  to  a  vessel  in  the  wall  of  the  space.  The 
larger  masses  possess  no  characteristic  shape,  and  are  evidently  the 
result  of  extensive  infiltration  of  the  muscle.  It  is  somewhat  remark- 
able to  find  the  muscle  fibers  resisting  the  attack  to  the  extent  that 
frequently  muscle  fibers,  though  more  or  less  degenerated,  are  found 
within  large  masses  of  tumor  cells.  In  these  masses  the  cells  are 
inclined  to  be  spindle-shaped;  they  are  often  packed  closely  together 
and  arranged  in  columns,  separated  from  one  another  solely  by  blood 
capillaries,  which,  indeed,  constitute  the  only  stroma  that  the  growth 
possesses.  Transitions  between  the  two  sets  of  tumor  masses  are 
abundant.  A  striking  feature  in  both  categories  is  furnished  by 
spaces  circular  on  cross-section  and  of  various  sizes,  which  contain 
only  amorphous  granular  material  and  leucocytes.  These  seem  to 
be  due,  in  some  instances  at  least,  to  necrosis,  in  one  situation  of 
tiunor  cells,  in  another  of  muscle  fibers.  In  either  case  the  resulting 
cavity  is  not  filled  by  tumor  cells;  on  the  contrary,  the  spaces  seem 
permanent,  and  are  lined  by  tumor  cells. 

The  clinical  history  of  the  case  and  the  microscopical  examination 
of  the  specimens  make  it  certain  that  we  are  here  dealing  with  a 
congenital  tumor  of  a  teratoid  nature,  which  has  given  rise  to  a  malig- 
nant neoplasm.  Before  attempting  to  proceed  to  an  exact  diagiiosis 
let  us  summarize  the  leading  features.  The  tumor  was  found  to  con- 
tain several  minute  dermoid  cysts,  plates  of  bone,  and  two  structures 
which  are  susceptible  of  interpretation  as  foetal  organs  in  an  exceed- 
ingly rudimentary  condition,  viz.,  a  cylindrical  cavity  lined  by 
miicous  membrane,  whose  epithelial  cells  were  stratified,  columnar 
and  ciliated,  surrounded  by  unstriated  muscle  tissue;  and  another 
cavity  communicating  with  the  above,  but  lined  by  stratified  sqiiamous 
epithelium.  jSTothing  was  seen  which  could  be  looked  upon  as  repre- 
senting the  central  nervous  system.  The  location  of  the  tumor  exactly 
in  the  center  of  the  perineum  should  also  be  borne  in  mind. 

When  we  come  to  consider  its  exact  position  among  such  tumors 
we  are  met  first  of  all  by  the  difiiculties  which  arise  from  the  lack  of 
a  uniform  nomenclature.     The  classification  proposed  by  the  late 
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Bircli-Hirschfeld  '  is  commendable  by  reason  of  its  simplicity.  He 
divides  these  tumors  into  the  following  classes  (omitting  those 
congenital  mixed  timiors  which  develop  from  the  anlages  of  the 
Wolffian  body)  : 

A.  Timiors  developed  as  the  result  of  invagination  and  snaring 
off  of  portion  of  the  ectoderm  or  endoderm,  or  of  either  of  these 
layers  along  with  mesoderm — dermoid  cysts  and  the  so-called  entero- 
cysts. 

B.  Tumors  developed  in  the  same  way  as  above,  except  that  all 
three  layers  of  the  blastoderm  are  involved.  These  he  calls  "  tera- 
toids." They  contain  representatives  of  all  of  the  germ-layers,  but 
no  distinct  organs.  It  might  be  added  that  a  tumor  to  be  placed  in 
this  class  should  be  easily  referable  to  the  foetal  anlages  in  its  vicinity. 

C.  Timiors  which  are  really  rudimentary  embryos.  These  are  the 
true  teratomata,  and  may  be  divided  into  two  varieties:  the  autoch- 
thonous, or  the  teratomata  of  the  genital  glands ;  and  heterochthouous, 
or  those  which  result  from  the  inclusion  of  one  embryo  by  another — 
the  cases  of  foetus  in  foetu. 

Following  this  classification,  it  seems  clear  that  our  tumor  belongs 
either  to  Class  B  or  to  Class  C.  Birch-Hirschfeld  himself,  in  dis- 
cussing this  classification,  admitted  that  the  division  between  the  two 
classes  was  more  or  less  artificial,  and  thought  that  it  might  be  very 
difficult  to  distinguish  between  them  in  some  cases.  It  may  be  said 
that  the  present  tumor  offers  such  a  case.  Xo  assistance  is  to  be 
obtained  from  a  study  of  similar  cases;  for,  as  far  as  I  can  learn 
from  an  examination  of  the  literature,  all  the  tumors  of  a  teratoid 
nature  which  have  been  found  in  the  perineum  belong  to  Class  A  of 
Birch-Hirschfeld's  classification,  that  is,  were  either  dermoids  or 
entero-cysts  referable  to  the  changes  which  occur  in  the  cloaca  and 
urogenital  sinus  during  the  development  of  the  external  genitals. 
It  is  true  that  in  the  region  dorsal  to  the  rectum  numerous  teratoid 
tumors  have  been  discovered,  which  were  quite  complex  in  structure, 
and  which,  as  a  rule,  were  susceptible  of  explanation  by  the  theory 
of  invagination  at  the  caudal  extremity  of  the  embryo — a  region 

<  Allg.  patbolog.  ADat.,  Leipzig,  1897. 
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which  is  remarkable  because  of  the  existence  of  the  cloaca  and  neuren- 
teric  canal  in  addition  to  a  considerable  mass  of  undifferentiated 
cells.  The  neurenteric  canal  in  particular  is  invoked  to  explain  the 
occurrence  of  columnar  ciliated  epithelium  in  such  tumors.  It  is 
diilicult  to  understand,  however,  how  such  invaginations  could  produce 
teratoids  anterior  to  the  rectum;  and,  as  has  been  said,  none  have 
been  described  in  that  region.  It  is  conceivable,  though,  that  such  a 
tumor  as  the  one  under  consideration  might  arise  from  a  partial 
snaring  off  of  a  large  portion  of  the  caudal  extremity  of  the  embryo 
at  a  very  early  stage,  the  separated  part  being  included  by  a  regen- 
erated caudal  extremity.  Such  a  separated  portion  would  contain 
anlages  to  which  the  various  structures  contained  in  the  tumor  might 
be  referred.  The  cavity  lined  by  stratified  sqmimous  epithelium 
might  be  considered  as  derived  from  the  ectodermal  plate  which 
closes  the  cloaca,  and  the  other  cavity  might  be  considered  as  a  repre- 
sentative of  the  cloaca  or,  more  likely,  of  one  of  the  genital  ducts. 
The  fact  that  such  a  great  variety  of  ei^ithelial  cells  is  found  in 
different  regions  of  the  urogenital  tract,  would  make  it  impossible 
absolutely  to  deny  that  the  stratified  columnar  ciliated  epitheliimi 
found  in  the  tumor  originated  in  that  tract.  It  is  a  fact,  too,  that 
portions  of  the  malignant  gro\\i:h  remind  one  forcibly  of  the  appear- 
ances in  the  fimbriated  extremity  of  the  Falloppian  tube.  It  is  not 
impossible  that  the  malignant  growth  took  its  origin  in  the  lining  of 
a  rudimentary  Miiller's  duct — in  which  event  we  might  term  it  a 
mesothelioma,  as  the  mesothelium  furnishes  the  lining  of  this  duct. 
The  fact  that  no  evidences  of  a  central  nervous  system  -were  found  is 
not  a  valid  objection  to  the  above  theory,  as  all  of  the  tumor  was  not 
at  my  disposal. 

On  the  whole  it  would  seem  simpler  ti)  regard  this  tunnjr  as 
a  true  teratoma  in  the  sense  employed  in  Birch-Hirschfeld's  classi- 
fication. If  we  adopt  this  view  the  question  of  its  genesis  next  arises. 
The  parthogenetie  hypothesis,  which  has  received  new  force  from 
the  brilliant  experiments  of  Loeb,  could  not  obtain  here,  however 
applicable  it  may  be  to  teratoma  of  the  genital  glands.  Accord- 
ingly we  should  have  to  conclude  that  the  tumor  is  a  true  foetus  in 
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foetu  in  a  very  rudimentary  condition,  and  that  the  avenue  of  inclu- 
sion was  the  urogenital  sinus,  the  closure  of  the  genital  folds  com- 
pletely covering  it  in.  Under  this  interpretation  the  rudimentary 
organs  referred  to  would  represent  the  anterior  portion  of  the  alimen- 
tary canal  and  the  respiratory  tract,  in  accordance  with  the  well- 
known  fact  that  in  teratoma  the  cephalic  extremity  receives  most 
development.  The  absence  of  brain  may  be  explained  by  the  fact 
that  only  a  portion  of  the  tumor  could  be  examined.  However,  brain 
is  not  found  in  all  teratomata. 

That  a  mass  composed  of  such  tissiies  should  give  rise  to  malig- 
nant growth  does  not  seem  surprising;  rather  the  wonder  is  that 
malignant  growths  do  not  arise  more  frequently  in  connection  with 
teratomata.  Montgomery '  has  recently  examined  the  literature  with 
reference  to  this  jwint,  and,  omitting  certain  tumors  of  the  ovary 
whose  nature  was  obscure,  he  could  collect  but  ten  cases  of  malignant 
teratomata. 

In  the  present  case  a  diligent  search  was  made  to  determine  from 
what  tissue  of  the  teratoma  the  malignant  growth  took  its  origin ; 
but  nothing  was  found  to  shed  any  light  Tipon  this  question — 
possibly  because  not  all  of  the  timior  was  at  my  disposal.  The  diag- 
nosis, therefore,  has  to  be  made  as  far  as  possible  from  the  histo- 
logical structure  alone.  It  would  seem  most  in  accordance  with  this 
structure  to  regard  the  tumor  as  an  endothelioma  which,  taking  its 
origin  in  the  endothelium  of  the  lymphatics,  developed  in  and  along 
these  spaces  finally  to  break  through  and  infiltrate  the  tissues  of  the 
perineum  diffusely. 

EXPLANATION  OF   PLATES. 
Plate  XXVIII. 
Fig.   I.     Section  through  middle  of  the  teratomii,  J  small  durmoid  cyst,  i;  cavity 
lined  by  stratiflcd  squamous  epithelium,  C  cavity  lined  by  stnitilied  columuar  ciliated 
epithelinm,  D  smooth  muscle  tissue. 
Fig.   3.     Tumor  musses  in  lymphatics. 

Plate  XXIX. 
Fig.  3.  The  same  under  higher  magnilicatlon. 
Fig.   4.     Through  the  malignant  portion  of  the  tumor. 

» Journal  of  Experimental  Medicine,  1898,  lii,  259. 
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DEEMATOMYOSITIS,  WITH  EEPORT  OF  A  CASE  WHICH 
PRESEXTED  A  RAEE  MUSCLE  AXOMALY  BUT 
OXCE   DESCRIBED   IX  MAX'. 

Bt   WALTER  RALPH  STEINER,   A.   M.,   M.   D.,   Hartford,  Cosn. 
{Formerly  Medical  House  Officer^  The  Johns  Hopkins  Hospital.) 

Intiarmuatorv  changes  in  muscles  have  long  been  recognized  as 
occurring  independently  or  in  connection  with  certain  diseases.  Hun- 
ter (1)  is  said  to  have  described  cases  of  myositis  in  1TS4  and  to 
have  noted  the  insusceptibility  of  muscular  tissue  to  iuflammation 
and  its  consequences.  I  have  been  unable  to  find  any  such  reference 
in  his  writings.  During  the  past  century  cases  have  been  published 
in  many  different  countries  and  a  considerable  amoimt  of  literature 
is  to  be  found  on  this  affection. 

A  multiple  muscle  inflammation,  however,  presenting  also  other 
"well  known  symptoms,  was  not  described  as  such  until  1SS7.  In 
that  year  E.  Wagner  (2)  of  Leipsic,  Unverrieht  (3)  of  the  Poly- 
clinic at  Jena,  and  Hepp  (4)  of  Kussmaul's  clinic  at  Strasburg, 
almost  simultaneously  reported  cases.  Though  Wagner's  case  was 
:first  published,  it  was  in  reality  the  last  seen,  for  Hepp  made  his 
observation  two  months  previously  and  Unverricht's  case  had  been 
noted  seven  years  before  either  of  the  above  two.  The  pathological 
Undings,  with  a  meager  history  of  this  last  case,  were  presented  by 
Marchand  (5)  to  the  Schlesische  Gesellschaft  fiir  vaterland.  Cultur 
on  October  22,  1S80,  and  later  appeared  in  the  society's  transactions 
and  in  the  Breslauer  arztliche  Zeitschrift  of  that  same  year.  The 
case  has  caused  a  good  deal  of  confusion  among  writers  on  this 
disease.  Herrick  (6),  Jacoby  (7),  and  others  have  described  it  as 
another  case  of  an  earlier  observation,  while  Lewy  (S)  thinks  it  is  an 
additional  one  which  Unverrieht  has  later  more  fiilly  reported.  This 
■error  mav  be  due  to  the  fact  that  Unverrieht  in  two  of  his  articles 
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made  the  date  of  seeing  the  patient  a  year  later  than  it  should  have 
been.  Yet  a  careful  examination  will  convince  one  that  the  same 
case  is  dealt  with.  Hepp's  case  was  also  reported  by  Henry  Jack- 
son (9)  of  Boston  in  1SS7 — a  fact  which  seems  to  have  been  entirely 
overlooked. 

Before  these  observations  we  find  two  others  which,  although  rep- 
resenting cases  rather  meagerly  described  and  otherwise  diagnosed, 
should  undoubtedly  be  considered  as  bearing  on  this  disease.  I  refer 
to  a  case  seen  by  E.  Wagner  (10)  in  186 3,  and  to  a  later  one  observed 
by  Potain  (11)  in  Paris.  They  were  diagnosed  at  the  time  as  in- 
stances of  periostitis  and  an  atypical  form  of  glanders.  Following 
the  ptiblication  of  the  first  three  i-ecognized  instances  Jacoby  (12) 
and  Lowenfeld  (13)  gave  additional  cases  and  discussed  the  previous 
papers  on  the  subject.  A  little  later  Unverricht  (14)  presented  the 
clinical  history  of  another  case,  which  differed  from  those  pre- 
viously reported  in  terminating  favorably.  The  close  association  in 
this  patient  of  dermatitis  with  a  multiple  muscle  inflammation  led 
Unverricht  to  coin  the  term  Dennatomyositis,  which  has  been  fre- 
quently adopted  to  designate  this  affection.  Boeck  (15)  and  Striim- 
pell  (16)  subsequently  published  other  cases,  the  latter  giving  an 
excellent  account  of  all  that  was  kno^vn  of  the  disease. 

In  the  following  years  many  German  writers  reported  so-called 
cases  which  were  subjected  to  a  critical  examination  in  1896  by  E. 
Pfeiffer  (17),  and  the  histories  given  by  Schnell  (IS),  Lewy  (19) 
(three  out  of  his  four  cases),  Fraenkel  (20),  Buss  (21),  Ilerz  (22), 
Albu  (23),  Schultze  (24),  and  Schultzen  (25)  were,  rightly  we 
think,  adjudged  as  atypical  and  belonging  to  another  disease.  The 
cases  of  v.  Koruilow  (26),  JoUasse  (27),  and  Thiele  (28)  can  be 
set  aside  on  the  same  grounds.  Xeubauer's  case  (29)  more  nearly 
resembles  jiolymyositis  haemorrhagica.  During  these  years,  however, 
Fuckel  (30),  Senator  (31),  Lewy  (32),  Koster  (33),  and  Kell 
(34)'  have  given  us  undoubted  examples  of  the  disease,  while  Gowers 

'Two  of  KeU's  tliree  cases  bave  not   been  aihlud   to  our  list  as  tbcy    were    of   a 
doubtful  abortive  type  and  somewbat  atypical  in  character. 
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(35)  has  reported  a  ease  which  proljablv  shonhl  not  be  classed  here, 
as  it  was  associated  with  a  polyneuritis.  More  recently  Frolimann 
(30),  Bonnet  (37),  Lepine  (38),  Janowsky  and  Wyssokowicz  (39), 
Bacialli  (40),  Oppenheim  (41),  and  Christen  (42)  have  added  to 
the  nnniber  already  recorded.  Forcheimer's  case  (43)  I  have  also 
jilaced  in  this  list,  although  it  is  not  as  typical  as  the  others.  It  is 
interesting  to  note  that  one  of  Oppenheim's  cases,  reported  four  years 
ago  as  a  typical  instance  of  this  affection,  now  presents  all  the  symp- 
toms of  scleroderma.  During  the  past  two  years  Vincent  (44), 
Schiiller  (45)  and  Jessen  (46)  have  likewise  published  histories  of 
patients  with  pol^auyositis,  but  none  of  them  had  the  special  type  of 
disease  which  would  entitle  them  to  admission  to  our  group.  From 
time  to  time  different  writers  have  collected  the  previously  existing 
cases  but,  with  the  exception  of  Lorenz  (47)  and  R.  Pfeiffer  (48), 
they  appear  to  have  done  so  without  any  discrimination.  Lewy  was 
able  to  find  twenty -one  cases  in  1893,  while  Koster,  three  years  later, 
added  two  more  to  that  number.  Both  of  these  writers,  however, 
included  atypical  cases  and  those  of  a  closely  allied  affection — poly- 
myositis haemorrhagica. 

We  have  found,  including  our  own,  twenty-eight  quite  typical 
histories,  which  are  classified  according  to  countries  as  follows: 
Germany,  19;  France,  2;  Sweden,  2;  Italy,  1;  Cuba,  1;  United 
States,  3 ;  total  28. 

Gowers'  case  is  the  only  one  as  yet  observed  in  England.  In  Italy 
two  cases  of  polymyositis  haemorrhagica  have  been  described  and  one 
of  dermatomyositis,  while,  though  several  writers  have  writen  on  this 
affection,  the  only  case  yet  published  in  Russia  (49)^  belongs  to 
another  type  of  myositis. 

Dermatomyositis  may  be  defined  as  an  acute,  subacute,  or  chronic 
disease  of  unknown  origin,  characterized  by  a  gradual  onset  with 
vague  and  indefinite  prodromata,  followed  by  oedema,  dermatitis, 
and  a  multiple  muscle  inflammation. 

''I  desire  to  thank  Dr.  Thaver  for  translating  this  case  from  the  Russian  for  me. 
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Etiology. — Ou  this  point  we  are  as  much  in  the  dark  as  were  the 
three  writers  who  first  described  the  disease.  Hepp  and  others  have 
spoken  strongly  in  favor  of  its  being  due  to  an  infection  and  the 
presence  of  a  splenic  tnnior,  fever,  and  angina,  seem  to  support  this 
view.  From  Senator's  time  the  following  three  theories  as  to  its 
origin  have  been  advanced : 

I.  It  is  due  to  a  specific  microorganism  (vegetable  parasite). 
This  view  is  gradually  losing  ground.  Bacteria  have  been  frequently 
sought  for  in  the  inflammatory  oedema  and  in  the  tissues,  with  nega- 
tive results  in  every  instance  save  one  (Bacialli's  case),  and  cases  of 
this  disease  reported  as  being  due  to  certain  bacteria  have  been  shown 
to  belong  to  another  class  of  muscle  inflammation.  Batter  (50)  and 
Georgievski  (51)  have  recently  reported  cases  of  the  allied  affec- 
tion— polymyositis  haemorrhagica — which  were  probably  due  to 
Stai)hylococcus  pyogenes  aureus  and  Staphylococcus  pyogenes  albus, 
obtained  in  pure  cultures  fnmi  the  tissues.  In  Bacialli's  case, 
however,  the  Staphylococcus  pyogenes  albus  was  said  to  be  very  much 
attenuated  in  virulence.  His  findings,  as  well  as  Georgievski's,  can 
hardly  be  considered  as  conclusive  in  view  of  the  tmiversal  presence 
of  Staphylococcus  albus  in  the  deep  layers  of  the  skin  (Thayer). 

IT.  It  is  due  to  an  animal  parasite.  This  idea  was  first  advanced 
by  Unverricht,  who  thought  the  parasite  might  belong  to  the  grega- 
rinae.  In  support  of  this  theory  L.  Pfeiffer  (52)  states  that  the 
muscle  findings  in  this  disease  are  similar  to  those  seen  in  the  muscles 
of  horses  and  dogs  infected  with  gregarinae,  and  he  says  that  Virchow 
(53)  has  mentioned  cutaneous  rashes  in  hogs  that  were  similar  to 
the  changes  in  the  skin  occasionally  found  in  dermatomyositis.  The 
only  instance,  however,  in  which  these  parasites  were  found  in 
man  was  reported  in  1891  by  Klebs  (54),  who  observed  them  in  a 
case  of  muscular  atrophy,  where  they  were  at  first  taken  for  muscle 
nuclei.  Xegative  results  have  attended  the  search  for  them  in  seven 
cases,  in  two  of  which  L.  Pfeiffer  also  examined  the  sections.  This 
unsuccessful  qtiest  Pfeiffer  would  explain  as  due  to  the  fact  that  the 
methods  of  preserving  the  tissues  and  preparing  the  specimens  mili- 
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tate  against  a  ready  recognition  of  the  parasite.  They  may  be  pres- 
ent btit  be  overlooked,  or,  although  they  can  cause  a  muscle  inflam- 
mation by  their  presence  or  their  toxin,  the  muscles  containing  them 
may  escape  microscopic  examination. 

III.  It  is  due  to  a  toxin.  This  view  was  given  prominence  by 
Senator,  to  whom  it  was  suggested  by  his  second  case,  which  began 
with  symptoms  of  gastro-intestinal  irritation  after  the  patient  had 
eaten  stale  crabs.  Kell's  case  is  also  somewhat  similar,  the  symptoms 
appearing  a  few  hours  after  the  ingestion  of  fish.  ^STo  gastro-intes- 
tinal symptoms  were  here  noted.  In  addition  to  these,  Boeck's  case 
has  been  put  in  this  group,  inasmuch  as  the  disease  was  observed 
after  the  energetic  riibbing  of  copaiba  balsam  into  the  skin.  Boeck, 
however,  does  not  consider  this  point  to  have  any  etiological  signifi- 
cance. 

Koster  (55)  suggests  that  the  symptoms  may  be  due  to  a  primary 
implication  of  the  vascular  system.  On  this  assumption  Lepine  has 
proposed  the  term  Angiomyositis.  It  is  interesting  to  note  in  this 
connection  that  Eosenblatt  (56)  has  described  a  case  resembling 
dermatomyositis,  which  showed  thrombus  formation  in  the  vessels, 
degenerative  changes  in  the  vessel  wall  with  fibrin  and  leucocytes  in 
and  about  the  vessel  wall. 

Cold  and  fatigue  are  said  to  play  a  very  minor  part,  though  occa- 
sionally, as  in  our  case,  they  seem  to  be  exciting  causes. 

Distribution. — Cases  have  been  reported,  as  has  been  already  noted, 
in  the  United  States  and  in  a  number  of  European  countries. 

Race. — The  Anglo-Germanic  has  furnished  most  of  the  instances, 
followed  by  the  Latin  and  Scandinavian.  Our  patient  is  the  only 
case  in  the  Xegro  yet  reported. 

Season. — The  time  of  year  seems  to  have  no  connection  with  the 
disease.  Ten  were  attacked  in  the  winter,  five  in  the  spring,  eight 
in  the  summer  and  five  in  the  autumn. 

Se.t. — The  affection  has  been  observed  in  seventeen  males  and 
eleven  females.  Its  distribution  among  the  sexes  is  probably  about 
equal. 
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Age. — The  disease  is  usually  met  Avith  in  middle  life,  though  cases 
at  both  extremes  are  found,  e.  g.,  Lowenfeld's  and  Fuckel's  cases. 

iloKBiD  A^'ATOMT. — Of  the  seveuteeu  fatal  cases  autopsies  have 
been  performed  in  all  but  seven,  and  in  four  of  these  the  excision  of 
a  Y>iece  of  muscle  was  allowed.  We  have  consequently  a  fair  amount 
of  data  on  which  to  base  our  conclusion  as  to  the  changes  found  in  this 
disease. 

With  the  exception  of  an  enlarged  and  soft  spleen,  the  pathological 
changes  are  limited  to  the  muscles.  Any  or  all  may  be  attacked.  It 
was  early  stated  that  the  muscles  of  the  eye,  tongiie,  heart  and  dia- 
phragm were  exempt,  but  later  investigation  has  shoAra  that  the  eye 
muscles  were  implicated  once  (Striim pell's  case) ;  the  tongue  three 
times  ( Jaeoby's,  Striimpell's  and  Koster's  cases)  ;  the  heart  appar- 
ently twice  (Kell's  and  one  of  Oppenheim's  cases),  and  the  diaphragm 
five  times  (Striimpell's,  Koster's,  Senator's  second  case,  Wagner's 
second  case,  and  Janowsky's  and  Wyssokowicz's  case).  Batten  (57^ 
states  that  the  masseters  usually  escape.  They  were  implicated  in 
Boeck's,  Striimpell's  and  Unverricht's  second  case. 

The  skin  covering  the  muscles  is  firm  and  hard  on  palpation  and 
does  not  pit  on  pressure,  though  oedema  is  usually  present,  but  may 
be  slight,  as  in  Jaeoby's  case.  On  section  the  subctitaneous  tissues 
present  a  firm,  tense  oedema  and  are  usually  infiltrated  with  a  yellow- 
ish serous  fluid. 

Macroscopically  the  muscles  may  exhibit  extensive  changes,  as 
Unverricht  has  shown  in  an  illustration  of  their  gross  appearance  in 
his  first  case.  The  muscles  are  swollen,  jiale  red,  or  pale  yellow  in 
color,  or  may  reveal  occasionally  yellowish  gray  or  diffuse  reddish 
streaks.  Hepp  considers  the  muscles  to  resemble  those  of  the  dog. 
They  are  often  strongly  infiltrated  with  serum  and  quite  moist.  In 
consistency  they  vary,  being  hard  and  firm  or  soft  and  boggy.  They 
may  be  quite  friable.'  They  are  without  lustre  and  of  a  dull  opaque 
appearance.  Haemorrhages  are  occasionally  seen  in  them,  ^ficro- 
scopically  tiic  changes  are  those  of  a  paronchyniatnus  and  interstitial 

'Id  Hepp's  case  the  left  rectus  muscle  was  found  ruptured  at  the  autopsy. 
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inflammation  and  may  varv  in  extent,  being  either  focal  or  diffuse. 
Again,  the  different  muscle  changes  may  be  seen  occurring  in  one  and 
the  same  fiber.  These  are  frequently  separated  from  one  another  by 
the  existing  oedema  or  the  presence  of  mononuclear  and  polymorpho- 
nuclear leucocytes.  Small  haemorrhages  may  also  be  seen  between 
them.  The  fibers  themselves  are  found  in  all  stages  of  degeneration. 
They  are  swollen,  coarsely  or  finely  granular,  hyaline,  or  waxy — 
occasionally  fatty.  The  striae  are  normal,  indistinct,  or  invisible. 
Longitudinal  or  cross  cleavage  of  the  fiber  has  been  found,  and 
vacuoles  have  been  described  in  four  instances.  In  many  cases  there 
is  an  increase  in  the  number  of  muscle  nuclei.  Typical  interstitial 
foci  of  small  round  cells  are  found  in  the  perivascular  connective 
tissue  and,  to  a  lesser  extent,  between  the  muscles.  In  the  subacute 
and  chronic  cases  the  increase  in  connective  tissue  may  be  quite 
marked  in  both  the  i^eriniysium  externum  and  internum,  and  solitary 
muscle  fibers  in  the  process  of  degeneration  may  be  seen  surrounded 
on  all  sides  by  connective  tissue.  In  five  cases  the  blood-vessels  were 
somewhat  dilated  and  filled  with  blood. 

Wagner  has  described  new  muscle  formation  as  taking  place  in 
some  of  the  fibers  that  had  undergone  waxy  degeneration,  while  Sen- 
ator has  noted  an  abnormally  large  number  of  muscle  spindles,  two 
or  three  being  found  in  each  section.  Senator,  Pfeiffer  and  Lorenz 
consider  the  acute  interstitial  changes  to  be  primary  in  this  disease, 
and  the  degenerative  muscle  findings  to  occur  chiefly  in  the  second 
stage.  They  base  this  assertion  on  the  reports  of  the  different  ob- 
servers of  the  pathological  processes  here  met  with. 

Illustrations  of  the  microscopic  changes  are  given  by  Wagner  (in 
his  second  case),  Jacoby,  Striimpell,  and  Senator.  For  the  detailed 
findings  described  by  each  writer  see  the  table  to  be  foimd  at  the  end 
of  this  article. 

In  seven  of  the  autopsies  broncho-pneumonia  was  found  as  a 
terminal  infection. 

STMPTOiis. — The  disease  generally  attacks  persons  in  the  prime  of 
life  and  in  the  best  of  health.  Fuckel's  case,  however,  was  noted  in  a 
29 
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girl  after  an  attack  of  measles,'  and  both  of  Wagner's  cases  had  pul- 
monary tuberciilosis,  the  second  one  having  tuberculous  ulcers  of  the 
intestines.     Senator's  second  patient  was  a  diabetic. 

The  onset  is  almost  always  gradual  with  the  prodromal  symptoms 
of  malaise,  weakness,  anorexia,  or  headache.  Vomiting  was  seen  in 
two  cases.  These  symptoms  may  be  of  several  days'  to  three  weeks' 
duration,  or  even  longer,  as  in  one  case.    Occasionally  they  are  absent. 

Pain. — Vague  rheiunatoid  pains  are  next  complained  of,  as  well  as 
a  stiffness  or  rigidity  in  the  extremities  and  back.  These  pains  quick- 
ly take  on  a  more  definite  character  and  become  localized  in  the 
muscles.  Different  muscle  groups  are  then  successively  attacked. 
Eventually  the  whole  skeleton  musculature  may  be  implicated.  Later 
in  the  disease  the  pains  are  more  severe  and  prevent  the  patient  from 
making  the  slightest  movement. 

Fever  is  soon  noted.  It  is  usually  of  moderate  intensity,  and  re- 
mittent in  character  in  the  later  stages  of  the  disease.  It  rarely 
exceeds  104°  F.     Just  before  death  it  may  rise  several  degrees. 

Oedema. — With  the  fever  oedema  appears  and  may  implicate  the 
whole  body  and  extremities,  the  latter  presenting  at  times  a  most 
ungainly  appearance.  It  is  generally  first  seen  on  the  face,  especially 
about  the  eyelids.  After  the  skin  inflammation  is  noticed,  it  becomes 
more  intense  and  may  remain  localized  over  the  affected  muscles  or 
spread  to  surrounding  parts.  The  wrists  and  ankle-joints  are  usually 
spared. 

Dermatitis. — Dermatitis  is  an  early  symptom  and  varies  greatly 
in  character,  being  in  different  cases  an  erythema,  a  pseudo-erysipelas, 
an  urticaria,  a  roseola,  or  an  inflammation  resembling  erythema  nodo- 
sum. It  may  spread  continuously  or  remain  limited  to  the  parts 
where  it  is  first  observed.    At  times  it  occurs  only  later  in  the  disease. 

Profuse  perspiration  and  an  enlarged  spleen  usually  accompany 
the  other  symptoms. 

*  It  is  interesting  to  note  that  Jessen  has  but  recently  reported  a  case  of  polymyo- 
sitis followlnc;  measles  (loc.  cit.)  It  is  not  typical  enough,  however,  to  be  classed 
as  one  of  dermatomyositis. 
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Nervous  System. — N"o  disturbances  of  sensation  are,  as  a  rule,  met 
Tvith,  and  the  nerves  are  not  tender  on  palpation.  The  knee-jerks  and 
the  electrical  reactions  are  usually  either  normal  or  diminished. 
Lewy  got  a  partial  reaction  of  degeneration  in  his  case. 

Stomatitis  and  angina  are  at  times  seen,  either  early  or  late,  in  the 
disease.  In  Lewy's  case  and  in  four  of  Oppenheim's  ulceration  of 
the  mucous  membranes  was  observed.  On  this  accoimt  the  latter  has 
coined  the  word  dei-mato-miicoso-myositis  to  more  rightly  name  this 
disease. 

The  urine  is  usually  normal  hut  may  contain  albumin. 

The  course  may  be  characterized  by  improvement  and  relapses  in 
the  subacute  and  chronic  cases,  and  atrophy  of  the  muscles  may  also 
be  here  observed.  In  four  cases  pigmentation  of  the  skin  was  found 
after  the  dermatitis  had  disappeared." 

Complications. — As  stated  above,  pulmonary  tuberculosis,  tuber- 
culous iilcers  of  the  intestines,  and  diabetes  are  complications  that 
have  been  met  with.  Acute  haemorrhagic  nephritis  was  observed  in 
Senator's  second  case,  while  Jacoby's  patient  had  acute  cirrhosis  of 
the  liver.  In  seven  instances  broncho-pnei;monia  was  found  as  a 
terminal  infection. 

Prognosis. — As  all  the  muscles  in  the  body  may  be  implicated, 
including  those  of  respiration  and  deglutition,  death  may  result  from 
suffocation  or  broncho-pneumonia.  Out  of  the  total  number  of  cases 
(twenty-eight  in  all)  seventeen  terminated  fatally,  so  that  the  prog- 
nosis must  always  be  grave.  The  outcome  was  fatal  for  the  two 
patients  in  the  two  extremes  of  life. 

Diagnosis. — As  a  rule  no  difficulty  will  be  experienced  in  typical 
cases.  Diseases  presenting  somewhat  similar  symptoms  are :  1. 
Trichinosis ;  2.  Neuromyositis ;  3.  Infective  myositis ;  and  4.  Sjq^hi- 
litic  myositis.  In  the  first  the  initial  gastro-intestinal  disturbances 
and  the  discovery  of  trichinae  in  the  stools  and  excised  muscle;  in  2 
the  chain  of  nervous  phenomena  and  the  absence  of  a  dermatitis ;  in  3 

'  For  detailed  account  of  the  special  symptoms,  one  is  referred  to  Lorenz's  excellent 
and  exhaustive  article  or  to  Oppenheim's  last  paper. 
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the  presence  of  a  focus  of  infection  -n'ith  the  bacteriological  report  on 
the  muscle  examination ;  and  in  i  the  history  of  the  patient  and  the 
objective  findings  will  generally  sufficiently  differentiate  the  affec- 
tion. It  is  also  well  to  bear  in  mind  that  one  of  Oppenheim's  cases 
turned  out,  four  years  later,  to  be  a  typical  example  of  scleroderma. 

Treatment. — This  should  be  chiefly  directed  to  the  relief  of  pain 
and  to  the  keeping  up  of  the  patient's  nutrition.  Various  analgesiacs 
have  been  tried  for  the  former  object  but  no  particular  drug  employed 
has  as  yet  been  found  to  offer  any  especial  advantage  over  the  others. 
There  is  no  specific  treatment. 

From  the  general  obser\ations  upon  dermatomyositis  we  now  pro- 
ceed to  the  detailed  consideration  of  oiTr  case. 

Case. — John  E.,  aet.  ;U  years  (Medical  History  Xo.  9G32), 
laborer,  a  dark  complexioned  negro,  was  admitted  to  the  Johns  Hop- 
kins Hospital  March  7,  1S99,  complaining  of  soreness  in  his  legs, 
chest,  and  hands,  swelling  of  his  muscles  and  inability  to  use  them. 

Family  History. — Unimportant. 

Previous  History. — The  patient  had  measles  and  whooping-cough 
as  a  child.  He  also  gave  a  somewhat  vague  history  of  malaria  four 
years  prior  to  admission  to  the  hospital.  He  had  had  gonorrhoea 
nine  or  ten  years  ago.  The  attack  lasted  about  seven  days ;  there  were 
no  complications.  He  denied  syphilis.  He  iised  tobacco  sparingly 
and  was  a  moderate  beer  drinker. 

IFo/'t. — Had  been  working  almost  constantly  since  a  boy  in  the 
stone  quarries  of  Baltimore.  His  work  had  been  that  of  a  "  trencher  " 
and  had  obliged  him  to  be  exposed  to  all  kinds  of  weather.  Ho  liad 
often  been  drenched  through  by  the  snow  or  rain. 

Food. — He  had  always  had  a  special  fondness  for  beef  and  pork. 
Had  also  eaten  a  good  deal  of  sausage,  bologna  and  especially  blixxl- 
juidding.  He  would  often  make  a  meal  off  sausage  which  he  would 
l)ny  iincookcd  to  cari'v  willi  him  to  work  and  cat  in  that  condition 
for  his  noon-day  meal. 

Present  Ulness. — About  six  weeks  liefore  admission  he  was  obliged 
to  stop  work  because  his  linil)s  were  sore  and  swollen.     He  also  suf- 
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fered  from  jiain  in  his  chest  nuiscles.  The  onset  of  his  disease  began 
sometime  before  this  but  he  did  not  know  the  exact  date.  He  first 
noticed  that  the  sole  of  his  right  foot  pained  him,  especially  on  ■walk- 
ing. It  seemed  also  somewhat  swollen.  From  here  the  pain  and 
swelling  travelled  np  to  the  calf  of  that  leg,  then  into  the  thigh,  and 
finally  to  the  hip.  Soon  after  this — about  one  week,  he  thinks — his 
left  leg  was  similarly  affected.  From  here  the  pain  and  swelling 
went  to  his  chest. 

The  patient  stayed  at  home  for  about  four  weeks,  either  in  bed  or 
sitting  up  in  an  easy  chair.  At  the  end  of  this  time  he  went  to  work 
again  but  found  he  could  do  nothing,  for  his  arms  were  very  sore  and 
weak.  Both  arms  were  then  affected  like  the  chest  and  lower  extremi- 
ties. The  pain  and  swelling  began  in  the  right  hand  and  went  to  the 
forearm,  and  arm,  successively.  The  left  arm  was  next  similarly 
affected.  He  described  the  pains  as  a  "  burning  like  the  toothache," 
and  said  they  were  mostly  present  when  he  moved. 

For  about  a  year  he  had  been  somewhat  troubled  with  shortness 
of  breath.  He  had  some  nausea  and  several  attacks  of  vomiting  dur- 
ing the  present  illness  but  none  at  the  onset. 

Recently  he  had  been  voiding  large  quantities  of  urine,  sometimes 
being  obliged  to  get  up  as  many  as  six  times  at  night  to  urinate. 
There  was  no  ardor  urinae,  but  often  a  sharp  pain  during  micturition 
and  at  times  a  sudden  stoppage  of  the  flow. 

He  had  not  had  any  diarrhoea  or  abdominal  jisxin. 

On  admission  the  temperature  was  100.2°  F.,  respirations  18, 
pulse  52. 

Physical  Examination. — Patient  was  a  stout,  well  developed  man 
and  lay  in  bed  in  dorsal  decubitus.  His  expression  was  dull  and  list- 
less. Lips  and  mucous  membranes  were  of  good  color;  the  conjunc- 
tivae were  muddy,  but  not  jaundiced.  Pupils  were  equal  and  re- 
acted to  light  and  accommodation.  The  eye  movements  were  normal 
and  no  pufiiness  was  noted  about  the  lids.  There  was  no  oedema  of 
the  face  or  body  and  no  implication  of  the  miiscles  of  mastication. 
Xo  appearance  of  a  dermatitis  and  no  signs  of  a  former  luetic  eriip- 
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tion.  Xo  muscle  atrophy  detected.  Xo  swelling  of  the  nerves.  Xo 
sensitiveness  to  pressure  of  the  nerve  trunks,  and  no  disturbances 
of  sensation. 

Thorax. — The  pectoral  muscles  stood  out  rather  prominently  and 
seemed  swollen.  Some  pain  was  complained  of  on  palpation.  The 
intercostals  were  apparently  not  implicated. 

The  lungs  and  heart  were  practically  negative  on  examination. 
The  pulse  was  56  to  the  minute,  regular  in  force  and  rhythm,  and  of 
good  volimie  and  tension.  There  was  slight  thickening  of  the  vessel 
wall. 

Abdomen  negative.     Spleen  not  palpable. 

Extremities. — Xo  oedema  noted.  Flexion,  extension,  adduction 
and  abduction  slight  on  account  of  the  pain  caused.  The  calf  muscles 
were  held  very  much  contracted,  and  seemed  to  be  quite  swollen.  The 
patient  complained  of  much  pain  and  tenderness  in  them  as  well  as  in 
the  muscles  of  the  thighs,  forearms,  and  arms.  In  these  latter  regions 
the  contractures  and  swellings  were  not  as  prominent,  except  in  the 
triceps.  Palpation  was  imsatisfaetory  on  accoimt  of  the  pain  elicited 
and  consequently  a  rigid  examination  could  not  be  made.  The  mus- 
cles apparently  were  hard  and  firm,  ^^^len  the  patient  lay  quiet  and 
motionless  in  his  bed  but  slight  pain  was  complained  of.  Marked 
lineae  atrophicae  were  seen  on  the  flexor  surfaces  of  both  arms,  espe- 
cially about  the  elbow-joints.  The  grasps  of  both  hands  were  feeble 
and  the  act  was  attended  with  pain.  The  dynamometer  did  not 
register  in  the  right  hand  and  only  just  registered  in  the  left.  The 
knee-jerks  were  slightly  increased.  ^Yhen  the  patient  endeavored  to 
bit  up  in  bed  he  held  his  back  and  legs  very  rigid.  Great  difficulty 
was  experienced  when  he  attempted  to  button  his  clothes.  His  gait 
was  extremely  unsteady  and  walking  seemed  very  painful  to  him. 

There  was  slight  general  glandular  enlargement. 

Blood  Examination. — Red  blood-corpuscles,  5,788,000;  white 
blood-corpuscles,  5250 ;  haemoglobin,  70  per  cent. 
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The  differential  count  was  as  follows : 

Small  mononuclears    18.00 

Large  mononuclears    9.75 

Transitionals    1.25 

Polvmorplionuclears    64.25 

Eosinophiles     6.75 

The  leucocytes  were  counted  daily  for  about  three  weeks  and  aver- 
aged about  8000,  the  highest  count  being  12,800  on  March  12.  The 
red  blood-corpuscles  remained  about  the  same  as  at  the  first  examina- 
tion but  the  haemoglobin  decreased  somewhat  in  percentage.  Differ- 
ential blood-counts  were  made  from  time  to  time  and  showed  but  little 
change.  The  last  count,  made  two  days  before  the  patient's  discharge, 
was  as  follows : 

Small  monomiclears 19.00 

Transitionals    

Large  mononuclears    

Polymorj^honuclears    69.00 

Eosinophiles     7.00 


I     5.00 


Shortly  after  his  admission,  as  the  suspicion  of  his  having  trichin- 
osis was  entertained,  a  small  piece  of  his  left  gastrocnemius  muscle 
was  excised  under  cocaine  anaesthesia.  The  examination  of  this 
teased  in  salt  solution  was  negative  for  trichinae.  The  individual 
muscle  fibers  showed  marked  degeneration.  They  were  studded 
with  minute  granules  which  varied  slightly  in  size  and  looked  like 
fatty  granules.  Many  of  the  fibers  had  lost  their  transverse  striation. 
There  appeared  to  be  a  distinct  increase  in  the  number  of  muscle 
nuclei.  The  connective  tissue  was  increased  in  amount  and  in  places 
showed  well-marked  cellular  infiltration.  The  further  examination 
of  this  muscle  will  be  elsewhere  described. 

After  the  patient  had  been  in  the  hospital  about  two  weeks  the  pain 
and  muscle  tenderness  subsided,  so  that  he  could  be  up  and  about  the 
ward.  His  gait  was,  however,  extremely  imsteady  and  walking  was 
slightly  painful.     It  was  only  accomplished  when  he  placed  his  legs 
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far  apart  aud  freqiieatly  he  had  to  use  a  chair  to  guide  himself  with. 
Xo  Komberg  symptom  was  at  any  tixae  observed. 

On  March  18  three  small  nodules  were  noted  on  his  hands.  They 
were  about  the  size  of  a  split  pea  and  looked  somewhat  like  acne 
pustules.  They  were  situated:  (1)  At  the  junction  of  the  first  and 
second  phalanges  of  the  left  thumb;  (2)  in  the  mid-metacarpal  re- 
gion of  the  right  thumb;  and  (3)  in  the  mid-metacarpal  region  of 
the  right  little  finger.  Pain  was  complained  of  in  them,  especially  at 
night.  To  the  touch  they  were  quite  hard  and  firm.  One  was  excised 
for  microscopic  examination  as  will  be  later  mentioned. 

The  electrical  examination  made  by  Dr.  Thomas  "  was  difficult  on 
account  of  the  jiain  which  contractions  of  the  muscles  caused.  A 
good  contraction  could  be  brought  out  with  moderately  strong  f  aradic 
ciirrents  applied  to  the  nerves  and  by  direct  stimulation  of  the  muscles. 
^Mien  the  muscle  was  stimulated  by  the  faradic  ciirrent  it  remained 
in  a  continuous  tetanic  contraction  for  several  seconds.  This  was 
not  observed  when  a  moderately  strong  galvanic  current  was  used. 
When  either  pole  of  the  galvanic  current  was  placed  over  the  nerve 
(the  ulnar  at  elbow)  and  the  current  gradually  increased,  pain  was 
complained  of  and  the  muscles  were  th^o^^•n  into  tetanic  contraction. 
This  contraction  was  not  confined  to  the  muscles  supplied  by  the  nerve 
but  seemed  to  be  due  to  voluntary  effort  on  account  of  the  pain.  In 
this  case  it  was  most  marked  in  the  triceps." 

On  April  8  he  complained  of  a  "  feeling  as  if  something  was  crawl- 
ing down  from  the  elbows  of  each  arm  to  the  fingers."  °  This  was 
especially  noted  at  night.  After  about  eleven  days  this  symptom 
disappeared  and  the  patient  seemed  to  have  better  use  of  the  muscles 
of  his  arms.  The  grasp  in  both  hands  then,  though  stronger,  was  still 
quite  feeble.     The  pain  in  the  muscles  had  entirely  gone. 

The  electrical  examination,  made  a  few  days  later,  showed  no 
change  except  that  the  muscles  were  no  longer  thrown  into  a  tetanic 
contraction  by  the  faradic  current.  About  this  tiine  Dr.  Osier  noticed 
a  distinct  myotonic  contraction   wlicn   the  patient  graspp<l   a   round 

•Noted  also  in  tbe  cases  of  Hcpp  and  Lewy,  as  weU  as  in  Warner's  second  case. 
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object.  The  object  was  grasped  but  could  not  be  dropped  and  his 
fingers  fully  extended.  This  was  more  observable  in  the  right  than  in 
the  left  hand. 

From  then  on  till  his  discharge,  on  May  2,  there  was  nothing 
special  to  record  save  that  his  strength  was  returning  rapidly. 

The  urine  on  admission  was  pale  amber  in  color,  clear,  1023  in 
specific  gravity,  acid  in  reaction,  negative  for  sugar  but  contained 
albumin  to  the  amount  of  0.15  per  cent.  There  was  no  apparent 
sediment.  Microscopically  a  few  hyaline  and  granular  casts  were 
found.  The  urine  gradually  cleared  up  and  at  the  last  examination, 
made  just  before  the  patient's  discharge,  there  was  only  a  trace  of 
albumin  and  no  casts  were  seen. 

Temperature  on  admission  was  100.2 ".  It  was  normal  the  next  day 
and  so  continited  till  March  12,  when,  without  any  apparent  reason, 
it  rose  to  101. S^.  It  was  normal  again  after  three  days  and  remained 
so  till  the  patient's  discharge  (May  2,  1S99). 

His  subsequent  movements  were  lost  track  of  for  about  a  year, 
for,  although  he  promised  to  come  daily  to  the  dispensary  for  elec- 
trical treatment,  after  one  visit  he  disappeared.  He  was  not  known 
at  the  address  he  gave  us. 

He  was  admitted  again  to  the  .lohns  Hopkins  Hospital  on  February 
10,  1900,  complaining  of  cough,  soreness  in  his  arms  and  weakness 
(Medical  History  Xo.  10,905). 

Present  Illness. — After  his  discharge  from  the  hospital  he  had 
remained  quite  well  and  was  working  in  a  stone  quarry,  hammering 
stone,  until  nine  weeks  previotis.  The  present  attack  occtirred,  he 
thought,  because  he  got  overheated  on  a  warm  day.  Dizziness  with 
impairment  of  vision  were  the  first  symptoms.  These  symptoms  came 
on  suddenly  and  obliged  him  to  stop  work.  Since  then  he  had  re- 
mained at  home  and  had  complained  of  soreness  and  weakness  of  the 
trunk  and  extremities,  especially  of  the  right  arm  and  of  the  left  arm 
at  the  shoulder.  He  attributed  the  trouble  in  the  arms  to  the  fact 
that  he  used  these  muscles  most  and  believed  the  muscles  most  used 
became  sorest  and  weakest.     Swelling  of  the  muscles  accompanied 
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this  soreness  and  weakness.  In  addition  to  the  above  described  symp- 
toms he  had  suffered  considerably  from  muscular  cramps  ' — usually 
m  his  right  arm.  The  forearm  would  be  flexed  on  the  arm  during 
these  attacks  and  the  fingers  partly  bent  and  held  close  to  each  other 
laterally.  The  cramps  generally  lasted  from  ten  to  fifteen  minutes 
but  were  sometimes  of  longer  duration.  He  did  not  know  how  fre- 
quently they  occurred,  biit  they  were  never  felt  in  both  legs  or  both 
arms  simultaneously.  Pain,  not  of  the  cramp-like  character,  was  also 
complained  of  in  the  muscles,  especially  of  the  right  arm.  It  was 
worse  on  moving  about,  but  was  sometimes  present  when  he  was 
at  rest. 

Had  had  some  attacks  of  vomiting,  especially  after  eating  meat  or 
a  good  deal  of  food  during  his  present  illness.  About  ten  days  before 
entrance  to  the  hospital  he  had  a  shaking  chill. 

Physical  Examination. — The  patient  looked  lethargic.  Pain  was 
complained  of  when  the  pectoral  muscles  were  palpated.  They  felt 
very  soft  and  flabby,  even  during  strong  contraction,  as  did  the 
muscles  elsewhere.  Although  the  muscular  development  seemed  enor- 
mous there  was  marked  loss  of  miiscular  power.  Xo  oedema  was 
noted ;  the  spleen  was  not  palpable.     Myotonia  was  not  present. 

JTeaiurements  of  Anris  ancl  Legs  in  Ceiitimeters. 

Right.       Left.  Right.      Left 

Forearm 31. .5        31. .5  fForearm 32. S         32 

Arm 34.5         34  ,,  ,  J  Arm 39  37. 5 

Calf 36.5        34  i^ontraciea.^  ^^j^ 3j,  gg 

Mid-thigh 57.5         57  [_  .Mid-thigh 61  59 

Blood  Examination. — Red  blood-corpiiscles,  6,600,000;  white 
l)lood-corj>uscles,  4300 ;  haemoglobin.  SO  per  cent. 

Differential  blood-count : 

Small  mononuclears    32.7 

Large  mononuclears    7.0 

Transitionals   2.0 

PohTuorphonuclears    53.3 

Eosinophiles     5.0 

'  Ilepp  also  has  described  this  in  the  later  stages  of  the  disease. 


Walter  Ralph  Steinev  423 

Electrical  Examination  by  Dr.  Thomas  showed  that  the  facial 
nerve  responded  to  a  very  slight  strength  of  the  faradic  current  on 
both  sides.  Direct  stimulation  of  the  muscle  caused  a  tetanic  con- 
traction which  persisted  for  several  seconds  and  with  stronger  cur- 
rents much  pain  was  elicited.  With  the  galvanic  current  an  ordinary 
•contraction  was  obtained  if  the  current  was  weak,  but  a  tetanic  con- 
traction if  the  current  was  of  moderate  strength.  Direct  stimulation 
of  the  platysma  by  the  faradic  current  gave  a  tetanic  contraction  which 
lasted  for  several  seconds  after  the  stimulus  was  removed.  The 
brachial  plexus  gave  with  the  faradic  a  tetanic  contraction  of  the 
muscles  supplied  by  it.  This  persisted  for  several  seconds  after  the 
current  was  broken.  Direct  stimulation  (faradic)  caused  tetanus 
of  the  portion  of  the  muscle  stimulated  and  the  contraction  persisted. 
On  stimulating  with  the  galvanic  current  the  right  iilnar  nerve  at  the 
elbow  a  sharp,  quick  contraction  was  obtained  which  subsided  wlien 
the  current  was  broken.  Repeated,  quick  galvanic  stimulation  did 
not  throw  the  muscles  into  tetanus,  even  with  a  fairly  strong  current. 
Direct  stimulation  of  the  right  external  popliteal  nerve  caused  a 
contraction  of  the  muscles,  particularly  of  that  portion  imder  the 
electrode.  This  contraction  persisted  some  time  after  the  current 
was  broken.  With  the  galvanic  current,  stimulation  of  this  nerve 
caused  a  sharp,  quick  contraction,  which  did  not  persist.  Direct 
stimulation  of  the  muscles  caused  a  sharp,  quick  contraction. 

Dr.  Thomas  also  noted  that  when  the  patient  grasped  the  hand  of 
the  observer  but  little  force  was  used.  ^Vhen  told  to  let  go  there  was 
some  delay.  This  was  also  noticed  when  he  was  told  to  grasp  an 
object,  squeeze  it,  and  then  let  go. 

On  March  2,  pain  at  the  back  of  the  neck  was  first  complained  of, 
and  difficulty  in  turning  his  head  was  experienced.  This  soon  van- 
ished, however,  and  the  soreness  and  weakness  gradually  subsided. 
The  patient  left  the  hospital  in  good  condition  March  21,  1900. 

On  admission  the  urine  showed  conditions  similar  to  those  found  on 
his  first  entrance  to  the  hospital.  WTien  he  was  discharged  there  was 
only  a  trace  of  albumin  and  no  casts  were  demonstrated. 

His  temperature  varied  between  normal  and  99".    During  his  stay 
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a  piece  of  miiscle  from  the  left  biceps  was  excised  for  microsco]iie 
examination. 

The  patient  this  time  also  gave  a  wrong  address  and  we  have  been 
unable  to  locate  him. 

iliCROScopic  ExAMiXATiox  OF  ExcisED  MuscLE. — Portions  of 
the  muscle  lirst  removed  were  hardened  in  alcohol,  bichloride 
of  mercury,  and  Zenker's  fluid.  Celloidin  and  paraiHn  were 
used  as  imbedding  agents.  The  sections  were  mostly  stained  with 
haematoxylin,  eosin,  safranin,  congo  red,  picrocarmine,  and  van 
Gieson's  fluid.  The  Gram-Weigert  stain  failed  to  show  the  presence 
of  bacteria  in  a  luimber  of  sections  examined.  Xo  animal  parasites 
were  found.  In  every  section  some  muscle  fibers  presented  a  pec\iliar 
anomaly.  As  seen  in  cross  section  this  consisted  in  a  collection  of 
fibrillae  cut  transversely  and  encircled  by  a  band  of  fibrillae  exit  longi- 
tudinally (Plate  XXX,  Fig.  1).  Insteail  of  one  collection  of  fibrillae 
three  or  more  bundles  of  them  were  sometimes  so  sTirrounded  ( Plate 
XXXI,  Fig.  3).  The  muscle  fiber  showing  this  anomaly  could  be 
normal  in  structure  but  more  frequently  signs  of  degeneration  were 
found,  affecting  first  the  centrally  placed,  transversely  cut  fitn-illae. 
These  would  stain  more  intensely  with  eosin,  but  still  reveal  the 
structures  that  go  to  make  up  the  Cohnheim  fields.  In  sul)se(]ueut 
stages  this  was  ditficult  or  impossible  to  make  out.  Finally,  a  mass 
staining  intensely  with  eosin  was  seen,  presenting  the  characteristics 
of  waxy  degeneration  (Plate  XXXJ,  Fig.  3).  The  surnnuidiug  or 
encircling  longitudinally  cut  bundles  were  rarely  concerned  (Plate 
XXXI,  Fig.  3),  liut  if  im]>licated  the  degeneration  would  begin  witii 
the  innermost  fibrillae  and  pass  thence  out  to  the  periphery.  These 
fibers  were  never  attacked  until  the  whole  transversely  cut  bundle  liad 
undergone  waxy  degeneration.  Eventually  the  whole  muscle  anomaly 
could  occasionally  be  seen  to  have  suffered  this  change.  In  almost 
every  instance  the  outer  muscle  fiber  a])pearcd  contract(>d  and 
shrunken  away  from  its  sarcolomnia  sheath. 

In  longitudinal  sections  similar  changes  were  seen.  The  first  stage 
in  the  degeneration  seemed  to  consist  in  the  contraction  of  the  inner 
or  now  longitudinal  fibrillae,  by  wiiich  the  cross  striations  were  ren- 
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dered  more  prominent  (Plate  XXX,  Fig.  2).  Then  cleavage  of  these 
fibrillae  would  be  noted  and  a  subsequent  waxy  condition  of  them 
with  a  loss,  eventually,  of  their  cross  striation.  The  whole  anomaly 
would  occasionally  show  a  marked  curling  or  twisting,  such  as  is  met 
with  in  degenerating  nrascle  fibers  (Plate  XXX,  Fig.  2). 

The  sareolemma  was  generally  normal  in  appearance  but  some- 
times showed  the  peculiar  blebbing  or  vascular  condition  (Plate 
XXXI,  Fig.  4)  which  Hoen  (58)  has  described  in  some  degenerated 
voluntary  muscle  fibers  of  the  u\T.ila.  This  blebbing  was  somewhat 
rare  and  its  origin  and  development  could  not  be  traced  so  well  as  in 
lioen's  case.  The  appearances  seemed  to  correspond  to  his  descrip- 
tion excejat  that  the  granular  material  in  the  blebs  was  only  seen  in 
a  few  instances  and  it  could  not  be  determined  whether  this  came 
from  the  disintegration  of  the  fibrillae.  The  nuclei  occupied  the 
center  of  the  bleb,  and  their  frequent  absence  could  probably  be 
accounted  for  by  the  plane  of  the  section  being  cut  above  or  below 
that  containing  the  nucleus.  The  more  advanced  the  degeneration 
the  larger  the  bleb,  but  no  completely  destroyed  fiber  was  observed. 

The  muscle  nuclei  presented,  at  times,  a  normal  appearance,  but 
frequently  they  were  increased  in  number,  swollen,  vesicular  in  shape 
and  contained  one  to  two  nucleoli  with  chromatin  graniiles.  They 
were  distributed  over  the  whole  extent  of  the  fiber  and  were  often 
found  between  individual  fibrillae  of  fibers  that  had  undergone  waxy 
degeneration.  Where  this  degeneration  was  extreme  the  nuclei  also 
showed  changes.  They  would  be  of  no  definite  shape,  swollen  or 
decreased  in  size,  would  stain  intensely  in  haematoxyliu,  and  would 
assume  bizarre  positions. 

As  a  rule,  these  muscle  anomalies  were  somewhat  below  the  aver- 
age size  of  the  muscle  fibers.  They  were  round  or  oval  in  shape,  and 
could  be  found  singly,  when  they  were  generally  larger  in  size,  or 
in  groiips  of  six  or  more  (Plate  XXXI,  Fig.  8).  They  were  scattered 
o^■er  all  the  sections  examined  and  seemed  to  bear  no  special  relation 
to  the  muscle  spindles  or  noi-mal  muscle  fibers. 

The  muscle  not  taking  part  in  this  anomalous  condition  showed 
iuterestina;  chanaes.      Manv  of  the  desenerations  which  have  been 
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described  in  muscles  could  be  seen.  The  fibers  were  uonnal  in  size, 
or  swollen  and  oedematous,  or  atrophied.  First  parenchymatous 
changes  were  noted,  as  a  result  of  which  the  striations  failed  to  come 
out  distinctly  in  staining.  Then  the  different  gradations  of  waxy 
degeneration  could  be  made  out,  and,  finally,  a  complete  homoge- 
neous mass,  with  no  intimate  muscle  structure  discernible,  could  be 
seen.  This  was  especially  marked  at  the  cut  ends  of  the  fibers  and 
was  probably  here  Ane  to  surgical  trauma,  as  Erb  (59)  and  Weber 
(60)  have  pointed  out.  Occasionally,  by  the  teasing  of  a  fiber,  a 
gap  was  observed,  due  to  the  retraction  of  the  contractile  substance, 
which  showed  waxy  degeneration.  The  sarcolemma  sheath  enclosed 
this  gap  and  within  were  found  very  fine  granules  which  took 
the  eosin  stain.  Owing  to  the  lack  of  simultaneous  retraction  there 
could  be  seen,  in  places,  irregular  cross  bands  of  muscle,  also  waxy 
in  character.  At  times  this  waxy  condition  had  entirely  disappeared 
and  the  thickened  sarcolemma  sheath  alone  remained,  filled  with 
rather  fine,  eosin-staining  granules  (Plate  XXXI,  Fig.  0),  or  fibers 
presenting  this  change  in  only  a  few  fibrillae  could  be  seen,  the 
remaining  part  exhibiting  waxy  degeneration  (Plate  XXXI,  Fig.  6). 

Longitudinal  cleavage  was  observed  here  as  in  the  fibers  of  the 
muscle  anomaly  (Plate  XXXII,  Fig.  7).  Cross  cleavage  was  also 
made  out,  but  rather  infrequently.  It  could  not  be  determined 
whether  the  cleavage  took  place  in  the  membrane  of  Krause  or  the 
plane  of  Hensen  (Plate  XXXII,  Fig.  S). 

In  rare  instances  the  bursting  of  a  sarcolemma  sheath  and  the 
spreading  out  of  the  contained  fibrillae  was  noticed  (Plate  XXXII,, 
Fig.  7).  The  sheath  at  the  point  of  rupture  always  showed  Hoen's 
vesicular  degeneration,  which  had  evidently  weakened  it  and  might 
accoimt  for  its  rupture  during  life.  The  phenomenon,  however, 
might  be  a  purely  artificial  one. 

Fatty  degeneration  of  the  muscle  was  not  observed  in  any  of  the 
sections  examined. 

Vacuolic  degeneration  was  rare.  In  all  the  nuiscles  so  affected  a 
swelling  of  the  fiber  was  seen  and,  at  times,  a  slight  loss  of  the  cross 
striation.     The  vacuoles  were  generally  round  or  oval  in  shape,  of 
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varying  sizes,  and  so  situated  that  their  long  axes  were  parallel  to 
the  long  axes  of  the  fibers.  Their  borders  were  sharp  and  well  de- 
fined in  every  case  and  their  contents  consisted  of  a  coarsely  or  finely 
granular  material  containing  occasionally  two  or  three  nuclei  (Plate 
XXXI,  Fig.  5).  At  times  the  vacuoles  occupied  the  periphery  of  the 
fiber,  and  then,  as  a  rule,  contained  a  nucleus.  Vacuoles  occasionally 
were  present  in  such  numbers  that  the  fiber,  on  cross  section,  ap- 
peared riddled  with  them.  As  Schaefer  (61)  has  described,  their 
appearance  seemed  to  be  heralded  by  a  round  or  oval,  opaq^ie,  non- 
staining  area  in  a  muscle  fiber. 

In  one  place  there  was  a  considerable  extravasation  of  blood  be- 
tween the  fibers.  The  sarcolemma  sheath  showed  the  vesicular  degen- 
eration, as  above  described,  rather  infrequently.  Occasionally  the 
sheath  was  considerably  thickened,  especially  if  its  fiber  had  been 
completely  destroyed. 

The  nuclei  in  an  unchanged  fiber  were  normal,  but  with  com- 
mencing degeneration  they  would  greatly  increase  in  numbers  and 
occupy  the  center  as  well  as  the  periphery  of  the  fiber.  By  a  still 
further  increase  in  number  they  sometimes  almost  hid  the  structure 
of  the  muscle.  They  were  oval  or  vesicular  in  shape  and  contained 
one  to  two  nucleoli.  Their  long  axes  were,  as  a  rule,  parallel  to  those 
of  the  fiber.  At  times  the  uTTclei  would  undergo  degeneration,  be- 
come shrivelled  up,  stain  intensely  and  lie  at  right  angles  to  the  long 
axes  of  the  fiber.  They  disappeared  apparently  by  karyolysis.  In 
no  place  where  there  was  this  proliferation  of  nuclei  wex'e  new 
muscle  fibers  to  be  found,  but  occasionally  distinctly  reparative  pro- 
cesses were  observed.  The  nuclei  would  lengthen  out  and  become 
like  a  rod  (Plate  XXXIII,  Fig.  10).  In  these  cases  two  or  three 
nucleoli  would  be  seen  in  them  and  indentations  would  indicate  a 
commencing  division.  Finally,  one  of  these  rods  would  form  four- 
teen or  more  niiclei  (Plate  XXXIII,  Fig.  11).  The  next  step  was 
the  taking  on  of  protoplasm  by  these  nuclei  and  their  formation  into 
myoblasts  or  sarcoblasts.  They  received  this  protoplasm  at  the  ex- 
pense of  the  contractile  substance  of  the  muscle  fiber  and  consequently 
might  be  in  hollows  of  the  fiber  or,  exhaustino-  the  whole  contractile 
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substance,  might  simply  be  enclosed  by  the  sarcolemma  sheath  { Plate 
XXXIII,  Fig.  12).  Up  to  this  point  amitosis  was  alone  observed, 
but  now  the  myoblasts  sometimes  showed  exquisite  examples  of 
karyokinesis  (Plate  XXXIII,  Fig.  13).  The  new  nuclei  so  formed 
did  not  appear  to  make  new  cells,  but  probably  in  a  further  stage 
would  form  the  sarcolemina  nuclei  of  a  new  m\iscle  cell. 

The  formation  of  spindle-cells  from  these  myoblasts  was  seen,  but 
no  new  muscle  fibers  were  made  o\it.  This  might  be  due  to  the  fact 
that  the  process  had  not  continued  long  enough.  Muscle  regeneration 
by  the  longitudinal  cleavage  of  the  old  fibers  and  the  subseqiient 
budding  of  the  same  was  also  not  observed,  though  longitudinal  cleav- 
age of  a  collection  of  fibrillae  from  an  old  fiber  was  occasionally  met 
with  (Plate  XXXII,  Fig.  S). 

The  myoblastic  cells,  at  times,  showed  degenerative  processes. 
Their  nuclei  would  then  stain  intensely  and  finally  disappear,  leaving 
the  cell  protoplasm  which  would  then  take  on  an  intense  eosin  stain. 
By  the  total  destruction  of  all  these  cells  the  sarcolemma  sheath  might 
be  so  pressed  together  by  the  surroimding  fibers  as  to  make  it  ditticult 
of  recognition. 

Muscle  sj)indles  were,  at  times,  noticed  in  the  sections,  but  there 
was  no  increase  in  tlieir  frequency  or  any  pathological  change  dis- 
cernible. 

Nerves. — The  nerves  seemed  normal  in  structure,  save  tiiat  in  some 
instances  there  was  an  increased  number  of  nuclei  in  the  sheath  of 
Schwann. 

Connective  Tissue. — The  increase  in  small  round  cells  in  the  peri- 
mysium externum  and  internum  was  comiiaratively  infrequent.  It 
could  be  seen  especially  in  the  perivascular  connective-tissue  space  of 
the  former.  Much  more  marked  in  these  situations  was  the  increase 
in  connective  tissue,  which  was  more  noticeable  in  the  perimysium 
externum.  The  tissue  was  oedematous  and  very  loose  in  structure. 
Occasionally  it  was  seen  taking  the  ])lace  of  a  completely  degenerated 
muscle  fiber,  or  a  collection  of  fibers  (Plate  XXX 11,  Fig.  8).  It  was 
especially  rich  in  newly  formed  blood-vessels,  and  where  it  bordered 
on  a  degenerated  muscle  fiber  it  could  be  seen  sending  some  slioots 
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across  the  fiber,  if  longitudinally  cut,  and,  by  further  development  of 
other  blood-vessels  and  loose  connective  tissue,  the  position  of  the  fiber 
might  be  completely  occupied  by  these  structures.  The  increase  in 
fat  cells  was,  at  times,  quite  marked  (Plate  XXXII,  Fig.  9).  Occa- 
sionally the  connective  tissue  underwent  a  waxy  or  granular  change 
and  an  eosin-staining,  granular  mass  might  be  alone  discernible.  In 
some  places  large  multinucleated  giant  cells '  were  noted  in  the  con- 
nective tissue,  near  degenerated  muscle  fibers. 

The  small  nodules,  referred  to  in  the  patient's  first  history,  on  sec- 
tioning and  staining,  proved  to  be  small  subcutaneous  abscesses. 
There  was  nothing  specially  remarkable  about  them.  'No  bacteria 
were  noted  in  them  by  the  Gram-Weigert  stain. 

The  miiscle  excised  from  the  patient's  left  biceps  on  his  second 
admission  was  hardened  in  alcohol,  embedded  in  celloidin  and  stained 
with  haematoxylin  and  eosin.  I  have  been  unable  to  see  these  sections 
as  they  were  destroyed  during  a  small-pox  epidemic  in  the  ward.  Dr. 
Harris,  who  was  in  charge  of  the  patient  at  that  time,  has  written  to 
me  that  the  muscle  anomaly  was  wanting  in  these  sections,  but  a 
distinct  myositis  was  present,  which  consisted,  especially,  in  a  great 
increase  in  connective  tissue  between  the  fibers. 

It  seems  fair  to  conclude  that  the  above  case  was  one  of  derma- 
tomyositis,  although  it  is  unfortunate  that  in  the  light  of  our  further 
knowledge  we  have  been  unable  to  qiiestion  the  patient  more  minutely 
on  some  of  the  symptoms  in  this  disease.  The  swelling  spoken  of  as 
present  at  the  onset  was  probably  oedema,  which  is  always  associated 
with  dermatomyositis.  Xo  oedema  was  noted  on  his  admission  to 
the  hospital.  He  was  not  asked  as  to  a  skin  eruption,  but  if  it  con- 
sisted of  merely  an  erythema  he  might  easily  have  overlooked  it  on 
account  of  his  color.  Further  information  as  to  fever  and  some  other 
points  is  also  lacking.  I  regret  I  did  not  pay  any  attention  to  the 
macroscopic  condition  of  the  portion  of  muscle  first  removed.  Micro- 
scopically the  findings  °  are  identical  with  those  seen  in  this  affection. 
I  have  been  imable  to  find  a  satisfactory  explanation  for  the  muscle 

-  Seen  also  by  Wagner  in  his  second  ease. 

'Frohmann  describes  peculiar  findings   in  his  case,  but  they  are  too  indefinite  for 
us  to  judge  whether  or  no  he  observed  this  anomaly. 
30 
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anomaly.  It  has  been  described  in  two  instances  and  two  explana- 
tions have  been  given  for  its  occurrence.  Both,  however,  seem  un- 
likely and  rather  fanciful.  Bataillon  (62)  found  it  in  frog  larva. 
He  considers  it  a  degenerative  process  and  says  it  begins  by  the  tear- 
ing of  certain  of  the  outermost  fibrillae  of  a  muscle  fiber.  These  torn 
fibrillae  then  circumscribe  those  centrally  located,  and  are  more  or 
less  obliquely  placed.  They  run  in  all  directions  and  are  plainly 
separated  from  the  central  bundle.  Often  they  show  a  more  regular 
arrangement  and  by  cross  section  may  be  seen  to  encircle,  as  a  ring, 
with  longitudinal  fibrillae,  the  transversely  cut  fiber.  The  regularity 
of  their  cross  and  radial  striations,  as  well  as  their  staining  proper- 
ties, speaks  strongly  against  this  view.  J.  Schafler  (63),  on  the 
other  hand,  thinks  that  the  muscle  is  not  at  all  concerned,  but  that 
the  encircling  ring  or  band  belongs  to  the  sarcolemma,  which,  by  a 
peculiar  arrangement,  simulates  muscle  striations.  It  is  generally 
found  in  atrophied  fibers  of  which  the  sarcolemma  sheath  has  rup- 
tured. After  the  ruptiire  the  sheath  is  retracted  and  dra^\•n  down  in 
folds  over  the  muscle  fiber,  below  the  site  of  rupture.  The  fiber  above 
tliis  retraction  is  without  its  sheath  and  the  fibrillae  are  here  widely 
spread  apart.  The  successive  infold  ings  of  the  retracted  sarcolemma 
sheath  causes  the  appearance  of  the  circular  striations.  Our  case,  in 
Figs.  1  and  3,  seems  to  refute  this  theory,  as  the  ring  or  band 
can  be  plainly  seen  shrunken  away  from  the  surrounding  sarcolemma 
sheath.  (Plate  XXX,  Fig.  2,  appears  to  show  that  this  ring  or 
band  is  muscle,  cut  in  cross  section.)  The  radial  striations  may 
possibly  be  due,  SchafFer  thinks,  to  the  effect  of  the  acids  used  in 
Fleraming's  solution — the  hardening  agent  employed.  Some  of  the 
tissue  was  hardened  in  !M tiller's  fluid  and  similar  pictures  were  seen, 
due,  as  Schaffer  conjectures,  to  a  contraction  caused  by  the  embed- 
ding process.  The  muscle  in  this  case  was  from  the  gastrocnemius 
of  a  man.  The  description  and  plates  correspond  quite  closely  to 
the  findings  in  our  case,  but  some  minor  differences  exist.  In  the 
lower  types  of  vertebrates  and  invertebrates  a  bundle  of  transversely 
cut  fibrillae  is  found,  in  cross  sections  of  muscle,  surrounded  by  a 
band  of  longitudinal  fibrillae,  which  are  in  turn  encircled  by  sarco- 
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lemma  with  a  layer  of  undifferentiated  sarcoplasm.  Kijlliker  (04), 
RoUet  (65),  and  others  have  described  such  pictures.  Our  anomaly, 
consequently,  may  he  looked  upon  as  a  structure  reverting  to  that  seen 
in  the  lower  types.  Atavism,  however,  does  not  explain,  hut  merely 
places  the  question  in  another  phase. 

In  the  other  instance  found  in  man  it  was  also  seen  in  the  gastroc- 
nemius muscle,  so  it  may  he  a  normal  structure  of  that  muscle  and 
have  some  hitherto  imknown  function.  It  is  our  purpose  to  study 
further  the  histological  structure  of  gastrocnemius  muscles  to  see  how 
frequently  this  so-called  anomaly  occurs  and  if  it  has  any  function  of 
its  own.  It  is  interesting  to  note  that  it  was  not  found  in  Kell's  or  one 
of  Oppenheim's  cases  of  dermatomyositis,  though  the  gastrocnemius 
muscle  was  examined. 

It  is  not  inconceivable  that  what  I  have  called  above  a  muscle 
anomaly  may  be  merely  the  result  of  pathological  changes  in  the 
muscles.  The  blebbing  of  the  sarcolemma,  if  of  pathological  occur- 
rence, would  doubtless  weaken  the  muscle  sheath  and  possibly  a  rup- 
ture might  subsequently  ensue.  The  outermost  muscle  fibrillae  of 
the  fiber,  then  no  longer  closely  confined,  would  have  a  tendency  to 
spread  out.  If  consequently  a  cross  section  of  this  fiber  were  cut  at  a 
point  where  these  fibrillae  have  begun  to  spread  out  a  picture  similar 
to  the  so-called  anomaly  (see  Plate  XXX,  Fig.  1)  would  be  obtained. 

I  have,  also,  been  unable  to  explain  why  degeneration  begins  at 
the  center  of  the  anomaly  and  goes  outward  towards  the  periphery. 
In  cross  sections  the  longitudinal  band  seemed  to  press  the  transverse 
fibrillae  very  closely,  and  by  this  constriction  the  nutrition  of  the 
latter  might  be  interfered  with  and  the  final  result  be  degeneration 
of  the  centrally  placed  muscle  bundle.  I  merely  offer  this  as  a  pos- 
sible partial  explanation. 

I  am  indebted  to  many  friends  who  have  looked  over  my  sections 
and  given  helpful  suggestions;  especially  do  I  desire  to  thank  Dr. 
Welch  for  his  kindly  aid  and  valuable  advice,  and  Dr.  Osier  for 
allowing  me  to  report  this  case. 

I  am  under  obligations  to  Dr.  Wolfe,  of  Hartford,  Conn.,  for  the 
photomicrographs  which  accompany  this  article. 
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Yes. 

2^12  mos. 

Recovery. 

Menorrhagia. 
Bronchitis. 

Erythema,  eczema. 

No. 

9  mos. 

Death. 

Broncho- 

Broncho- 

Autopsy. 

pneumonia. 

pneumonia. 

Roseola,  urticaria. 

Erythema. 

None. 

Erythema.   Skin  pig- 
mentation. 

No. 
No. 
No. 
No. 

7  days. 
7  mos. 
9  mos. 
5  mos. 

Death. 
Death. 
Recovery. 
Death. 

Bronchitis. 

Suffocation. 

J  Autopsy.    Muscle 
j  excised  during  life. 

Muscle  excised 
during  life. 

3roncho-pneu- 
monia.    Round 
duodenal  ulcers. 

Broncho- 
pneumonia. 

Autopsy  by 
Wyssokowicz. 

Papular  erythema. 

No. 

B  mos. 

Death. 

Buffocation. 

Autopsy. 

Erythema.   Skin  pig- 
mentation. 

Erythema. 

Papular  eruption. 

Roseola.    Desquama- 
tion. 

Yes. 

8  mos. 

lecovery. 

Yes. 
Yes. 
Yes. 

? 
3  mos.   1 
3  mos.   ] 

7 

Death. 

I 

Recovery.  1 

Epistaxis.    Ulcer'n 
of  mucous  mem'e. 

Jlceration  of  mu- 
cous membrane. 

No  autopsy.  Muscle 
/  excised  during  life. 

1 

1 

Erythema. 

res. 

«o. 

4  mos.   1 
6  wks.   I 

Death.         1 

lecovery.  !l 

i 

Myocarditis.    Ulc'n 
of  mucous  mem'e. 

Jpididymitis.    Tu- 
berc'sof  kneesev'l 
yr'sprev'stoat'k. 

, 

^o  autopsy. 

erythema,  urticaria.: 
»kin  pigmentation. 
Desquamation. 

J 

res.    2 

'0. 

^mos.il 

tecovery. 
ecovery. 

A 

fuscle  excised 
during  life. 
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RESUME    OF   PATHOLOGICAL    FINDINGS. 

E.  Wagxeb. — Muscles  pale,  greyish-red  in  color.  On  section  the  muscles 
were  quite  fragile  and  showed  occasionally  haemorrhages  between  the  fibers. 

Different  grades  of  waxy  degeneration  to  complete  destruction  of  the  con- 
tractile substance.  An  extreme  grade  of  fatty  metamorphosis.  At  times  both 
of  these  changes  are  seen  in  the  same  fibrfllae.  No  vacuoles,  but  an  increase 
in  muscle  nuclei.  Connective  tissue  unchanged.  Numerous  diffuse,  very 
small  foci  of  pus  corpuscles.  The  nerves  showed  a  waxy  and  fatty  degenera- 
tion. Muscles  of  breast,  abdomen,  neck,  upper  arm  and  forearm  examined  and 
found  implicated. 

PoTATN. — Subcutaneous  tissues  infiltrated  with  serum. 

Muscles  pale  and  permeated  with  serum. 

Many  fibers  exhibited  granular  degeneration.  The  striations  were  fre- 
quently indistinct.  Spleen  enlarged.  Muscle  from  left  forearm  examined  and 
found  implicated. 

E.  Wag>"eb. — Subcutaneous  tissues  infiltrated  with  serum. 

The  muscles  mostly  of  a  uniform  pale  red  color.  In  the  flexors  of  the  fore- 
arm spots  and  streaks  of  very  pale  appearance  alternate  with  darker  areas. 
The  muscles  are  permeated  with  serum  of  a  peculiar  hard  consistency,  and 
are  more  fragile  than  normal. 

Fibers  swollen  and  showed  parenchymatous  or  waxy  degeneration  in  differ- 
ent stages,  as  well  as  fatty  changes.  The  striae  faint  or  invisible.  Atrophy  of 
single  fibers  with  simultaneous  nuclear  increase,  or  vacuoles  without  nuclear 
increase  or  atrophy.  Two  or  more  pathological  processes  mostly  found  near 
each  other.  Diffuse  and  circumscribed  serous  infiltration  between  the  muscles 
and  in  the  connective  tissue.  Connective  tissue  showed  proliferated  nuclei 
and  single  multinucleated  giant  cells.  Regenerative  processes  of  the  muscle 
and  connective  tissue  seen.  In  places  dilatation  of  capillaries  and  small 
haemorrhagic  extravasations.  Pectoralis  major,  intercostals,  rectus  abdominus, 
diaphragm,  triceps  brachii,  iliacus,  gluteus  major  and  soleus  examined  and 
found  implicated. 

UxvERRiCHT  AND  Mabcha.nd. — Firm,  tense  oedema  of  subcutaneous  tissues, 
which  are  permeated  by  a  yellowish  serous  fluid. 

The  muscles  are  generally  of  a  dark  reddish-brown  color.  They  are  soft, 
fragile  and  without  lustre.  On  cross  section  pale,  slightly  transparent,  light 
grey  streaks  alternate  with  dark  red  areas.  When  one  predominates  it  gives 
its  color  to  the  muscles. 

Fibers  swollen  and  showed  different  stages  of  a  hyaline  or  waxy  degenera- 
tion and  a  finely  granular  cloudiness.  Occasionally  fatty  degeneration  was 
met  with.  Longitudinal  and  cross  cleavage.  Striae  in  places  completely  gone. 
No  vacuoles  and  no  increase  in  muscle  nuclei.  Interstitial  tissue  infiltrated 
with  small  round  cells.  Blood-vessels  dilated  and  filled  with  blood.  Occa- 
sionally large  or  small  haemorrhagic  extravasations  noted.  Spleen  not  en- 
larged. Extensors  of  arms  (except  triceps),  extensors  of  thigh  (except  sar- 
torious  rectus  and  vasti)   and  extensors  of  toes  much   Implicated.     Sterno- 
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cleido-mastoid,  pectoralis  major  and  psoas  muscles  considerably  changed. 
Flexors  of  thighs  and  legs  as  well  as  muscles  of  the  back  only  slightly  impli- 
cated.    Abdominal  muscles  almost  unchanged. 

Hepp  and  Jackson. — Firm,  tense  oedema  of  subcutaneous  tissues.  Muscles 
pale  and  generally  yellow  in  color,  though  occasional  haemorrhagic  areas  are 
seen.  They  resemble  the  muscles  of  a  dog  and  are  markedly  infiltrated  with 
serum. 

Different  grades  of  hyaline  or  waxy  degeneration  to  complete  destruction 
of  contractile  substance.  No  fatty  or  granular  degeneration  observed.  Striae 
taint  or  lacking.  No  vacuoles  and  no  increase  in  muscle  nuclei.  Interstitial 
changes  slight,  but  round-cell  infiltration  was  found  in  the  perivascular  con- 
nective tissue  or  near  degenerated  fibers;  in  the  latter  places  especially  in 
the  empty  sarcolemma  sheaths.  Spleen  enlarged.  Rectus  abdominis,  triceps 
brachii,  quadriceps  femoris,  pharynx  and  other  muscles  examined  and  found 
implicated. 

Jacoby. — Coarsely  granular  and  waxy  degenerations  in  different  stages. 
Fatty  degeneration  also  noted.  Longitudinal  cleavage.  Transverse  striae 
generally  lacking.  Vacuoles  and  an  increase  in  muscle  nuclei.  Increase  in 
connective  tissue,  which  is  myxomatous  or  fibrous  in  structure.  Perimysium 
externum,  at  times,  exhibited  fatty  or  waxy  changes.  Some  nerves  showed 
inflammatory  changes,  or  an  increase  of  nuclei  in  the  sheath  of  Schwann. 
Left  supinator  longus  and  right  gastrocnemius  examined  and  found  impli- 
cated. 

Stkumpell. — Muscles  paler  than  normal  and  yellower  in  color. 

Fibers  swollen  or  atrophied  and  showed  a  hyaline  or  waxy  degeneration  or  a 
finely  granular  cloudiness.  No  fatty  degeneration  noted.  Longitudinal  and 
cross  cleavage.  Transverse  striae  generally  absent.  Vacuoles  and  an  increase 
in  muscle  nuclei.  Occasionally  a  new  formation  of  connective  tissue  between 
the  fibers.  Typical  interstitial  foci  of  small  round  cells,  especially  in  the 
perivascular  connective  tissue.  Capillaries  dilated  and  filled  with  blood. 
Spleen  enlarged.  Eye,  tongue,  pharynx,  deltoid  muscles  of  arms,  lower  ex- 
tremities and  diaphragm  examined  and  found  implicated. 

Senator. — Subcutaneous  tissues  infiltrated  with  a  sero-purulent  fluid. 

Muscles  paler  than  normal. 

No  muscle  degeneration.  No  vacuoles  but  an  increase  in  muscle  nuclei. 
Connective  tissue  increased  and  oedematous.  Interstitial  changes  most 
marked.  Infiltration  of  round  cells  (mononuclear  and  polymorphonuclear 
leucocytes)  seen  everywhere,  especially  in  the  perivascular  connective  tissue. 
Blood-vessels  dilated  and  filled  with  blood.  Small  masses  of  extravasated 
blood  occasionally  noted.  Great  increase  in  muscle  spindles.  Right  biceps 
brachii  examined  and  found  implicated. 

FccKEL. — Subcutaneous  tissues  infiltrated  with  serum. 

Muscles  somewhat  swollen,  darker  than  normal  and  haemorrhagic.  They  are 
quite  fragile  and  lack  their  normal  lustre. 
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Fibers  changed  in  places  to  cloudy  granules. 

Transverse  striations  partly  destroyed. 

Muscle  from  extensors  of  upper  arms  examined  and  found  implicated. 

KcisTEB. — The  muscles  were  pale,  not  tense,  but  quite  firm. 

Some  fibers  showed  finely  or  coarsely  granular,  or  hyaline  degeneration. 
No  fatty  change  observed.  Longitudinal  cleavage.  Transverse  and  longitu- 
dinal striae  singly  or  both  wanting  at  times.  No  vacuoles  and  no  increase  in 
muscle  nuclei.  Interstitial  foci  of  small  round  cells  especially  in  the  perivas- 
cular connective  tissue.  Capillaries  and  smaller  blood-vessels  dilated  and 
filled  with  blood.  Some  free  red  blood-corpuscles  in  the  muscles.  Spleen  not 
enlarged.  Biceps,  pectorals,  intercostals,  peroneus,  tongue,  diaphragm,  larynx 
and  pharynx  muscles  examined  and  found  implicated.  Pharynx  and  inter- 
costal muscles  most  changed. 

Kell. — Many  fibers  swollen  and  some  showed  granular  and  hyaline  degen- 
eration. Striae  partly  or  wholly  absent.  No  vacuoles.  Between  the  fibers 
many  large  cells  with  large  nuclei  (proliferating  cells  [?]).  In  places 
periarteritis. 

Spleen  enlarged.  Supinator  longus.  pronator,  intercostals,  heart  and  gas- 
trocnemius examined  and  found  implicated. 

Frohmann. — Granular  degeneration  of  many  fibers  and  loss  of  cross  stria- 
tions. Waxy  degeneration.  Increase  in  nuclei.  Peculiar  puckering  and  fold- 
ing of  the  sarcolemma.    Slight  interstitial  changes  of  an  inflammatory  nature. 

Janowsky  and  Wyssokowicz. — The  muscles  are  pale  and  of  a  yellowish-grey 
color.    They  are  permeated  with  serum  and  of  a  peculiar  hard  consistency. 

Fibers  atrophied  and  showed  a  granular  and  waxy  degeneration.  Marked 
Increase  in  connective  tissue.  There  was  only  a  slight  cellular  infiltration. 
The  nerves  showed  no  inflammatory  change.  Spleen  not  enlarged.  Muscles  of 
back,  upper  and  lower  extremities,  throat,  diaphragm  and  sphincter  ani  exam- 
ined and  found  implicated. 

Bacialli. — Muscles  paler  than  normal. 

Fibers  swollen  or  atrophied.  They  showed  different  stages  of  hyaline  and 
waxy  degeneration  with  complete  destruction  of  contractile  substance.  Longi- 
tudinal cleavage.  Vacuoles  and  an  increase  in  muscle  nuclei.  Marlied  increase 
in  interstitial  connective  tissue  with  abundant  infiltration  of  white  blood-cor- 
puscles and  here  and  there  small  haemorrhagic  extravasations.  Spleen  en- 
larged. 

Oppenheim. — Piece  of  muscle  excised  from  the  gastrocnemius  showed  the 
characteristic  changes  of  a  severe  interstitial  and  parenchymatous  myositis. 
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DESCRIPTION  OF  PLATES. 

All  of  the  illustrations  are  photo-micrograplis.  The  objectives  and  oculars  were 
the  Zeiss  apochromatic ;  the  condenser  was  Bauch  and  Lomb's,  with  a  numerical 
aperture  of  1  ;  the  illumination  was  the  electric  arc  ;  Zetnow's  lisrht  tilter  with 
methylene  blue  was  used.  The  plates  were  Cramer's  isochromatic  (medium)  and  the 
exposure  was  two  and  a  halt  seconds. 

Plate  XXX. 

Fij;.  1.  X  656.  Objective  6  mm.  N.  A.  95.  Compensat.  proj.  ocular  No.  6. 
Stain,  haematoxjlin-eosiu. 

The  muscle  anomaly  is  here  well  shown  in  cross  section,  in  the  central  part  of  the 
Held.  The  innermost  fibrillae  are  cut  transversely  and  are  surrounded  by  a  longi- 
tudinal band  of  librillae,  which  is  somewhat  shrunken  away  from  the  sareolemma. 
The  cross  striation  of  the  longitudinal  band  is  quite  prominent.  The  anomaly  ia 
abont  eqaal  In  size  to  the  other  fibers. 
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Fis.  2.  X  570  and  reduced.  Objective  6  mm.  N.  A.  9.5.  Compensat.  proj.  ocular 
No.  6.     Stain,  haematoxylin-eosin. 

The  muscle  anomaly  represented  cut  loneitudinally.  The  innermost  fiber  is  con- 
tracted and  somewhat  curled  on  itself.  Its  striations  are  very  prominent.  To  the 
right  are  waxy  librillae,  showing  longitudinal  cleavage  and  loss  of  some  of  the  cross 
striations.     The  vesicular  degeneration  of  the  sarcolemma  is  to  be  noted  in  places. 

Plate  XXXI. 

Fig.  3.  X  .570.  Objective  6  mm.  X.  A.  95.  Compensat.  proj.  ocular  No.  6.  Stain, 
haematoxylin-eosin. 

Six  of  these  muscle  anomalies,  about  equal  in  size  to  the  normal  fibers,  are  seen. 
Some  of  the  fibrillary  bundles  are  stained  deeply  and  have  a  homogeneous  appear- 
ance. The  larger  one  in  the  lower  row  shows  this  waxy  change  especially  well  and 
the  innermost  border  of  the  longitudinal  muscle  layer  is  beginning  to  be  similarly 
affected.  The  upper  right  anomaly  shows  three  fibrillary  bundles  cut  in  cross 
section  and  surrounded  by  longitudinal  fibrillae.  In  some  the  muscle  is  consider- 
ably shrunken  away  from  the  sarcolemma. 

Fig  4.  X  570  and  reduced  }o.  Objective  6  mm.  N.  A.  95.  Compensat.  proj.  ocular 
No.  6.     Stain,  haematoxylin-eosin. 

The  blebbing  or  vesicular  degeneration  of  the  sarcolemma.  In  a  few  blebs  nuclei 
are  to  be  seen.     There  is  a  great  increase  in  nuclei  in  the  muscle  fiber  on  the  left. 

Fig.  5.  X  570  and  reduced  'a.  Objective  6  mm.  N.  A.  95.  Comjjensat.  proj. 
ocular  No.  6.     Stain,  haematoxylin-eosiu. 

The  swollen  condition  of  a  muscle  fiber  filled  with  vacuoles.  The  vacuoles  are 
sharply  defined,  when  well  focused,  and  are  generally  fairly  well  filled  with  rather 
fine  granules.     A  nucleus  is  to  be  seen  in  the  innermost  vacuole. 

Fig.  6.  X  570  and  reduced  3^.  Objective  6  mm.  N.  A.  95.  Compensat.  proj. 
ocular  No.  6.     Stain,  haematoxylin-eosin. 

The  swollen  and  degenerated  sarcolemma  sheath  is  here  represented  as  quite  well 
filled  with  rather  fine  granules.  The  fiber  on  the  right  is  swollen  and  shows  waxy 
degeneration  together  with  this  granular  condition. 


Plate  XXXII. 

Fig.  7.  X  570  and  reduced.  Objective  6  mm.  N.  A.  95.  Compensat.  proj. 
ocular  No.  6.     Stain,  haematoxylin-eosin. 

The  bursting  of  the  sarcolemma  sheath  and  the  spreading  out  of  the  fibrillae. 
Above  and  below  this  spot  the  muscle  fiber  is  contracted.  An  increase  in  muscle 
nuclei  is  seen.  This  bursting  of  the  sarcolemma  sheath  may  be  due  to  its  weaken- 
ing caused  by  the  vesicular  degeneration  at  this  place,  or  it  may  be  an  artificial 
phenomenon. 

Fig.  8.  X  570  and  reduced.  Objective  6  mm.  N.  A.  95.  Compensat.  proj.  ocular 
No.  6.     Stain,  haematoxylin-eosin. 

Increase  of  connective  tissue  at  expense  of  the  muscle  which  in  places  is  broken  up 
into  bands  or  shows  a  waxy  condition  of  the  fibrillae.  Cross  and  longitudinal  cleavage 
is  here  seen.  The  connective  tissue  is  loose  and  very  oedematous.  There  is  a  marked 
increase  in  muscle  nuclei. 
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Fig.  9.  X  156  aud  reduced  }{.  Objective  16  mm.  N.  A.  30.  Compensat.  proj. 
ocular  No.  6.     Stain, 'van  Gieson. 

Increase  of  the  perimysium  externum.  Many  fat  cells  and  new  blood-vessels.  In 
the  upper  part  of  the  field  a  sarcolemma  sheath  containing  myoblasts  is  to  be  noted- 
The  muscle  fibers  show  an  increased  number  of  nuclei. 

Plate  XXXIII. 

Fig.  10.  X  570.  Objective  6  mm.  N.  A.  95.  Compensat.  proj.  ocular  No  6. 
Stain,  haematoxylin-eosin. 

Rod-like  nuclei  in  a  row  of  four  are  to  be  seen  in  the  center  of  a  muscle  liber. 

Fig.  11.  X  570.  Objective  6  mm.  N.  A.  95.  Compensat.  proj.  ocular  No.  6. 
Stain,   haematosylin-eosin. 

By  direct  division  of  these  rod-like  nuclei  long  rows  of  nuclei  can  be  found.  In 
this  figure  a  line  of  eleven  can  be  seen. 

Fig.  13.  X  156.  Objective  16  mm.  N.  A.  30.  Compensat.  proj.  ocular  No.  6. 
Stain,  haematoxylin-eosin. 

These  muscle  nuclei  are  here  situated  in  the  hollow  of  a  muscle  fiber  and  in  an 
empty  sarcolemma  sheath  and  are  surrounded  by  protoplasm.  These  cells  are  known 
as  myoblasts  or  sarcoblasts. 

Fig.  13.  X  1390.  Objective  3  mm.  N.  A.  1.42.  Compensat.  proj.  ocular  No.  6. 
Stain,  haematoxylin-eosin. 

One  of  the  myoblasts  seen  in  the  last  figure  is  shown  under  higher  amplification 
undergoing  karyokinesis. 
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FUETHEE  OBSERVATIONS  ON  A  PATHOGEiSriC  MOULD 
FOEMEELY  DESCRIBED  AS  A  PEOTOZOON  (COCCI- 
DIOIDES    IMMITIS,    COCCIDIOIDES    PYOGENES). 

Br  W.  OPHtJLS,  M.  D. 

[From  the  Pathological  Laboratory,   Cooper  Medical  CoHet/e,  San  Francisco.) 

In  June,  1900,  Dr.  li.  C.  Moffitt  and  myself  published,  in  the 
Philadelphia  Medical  Journal,  a  preliminary  report  on  "A  New 
Pathogenic  Mould,"  -which  formerly  had  been  described  as  a  proto- 
zoon,  and  had  been  named  by  Rixford  and  Gilchrist,  Coccidioides 
immitis  and  Coccidioides  pyogenes.  It  is  the  object  of  this  paper  to 
give  a  more  detailed  description  of  the  observations  communicated 
in  the  former  article,  and  also  to  add  some  further  developments 
which  largely  confirm  the  conclusions  which  we  then  drew  from  our 
first  investigations. 

I  have  also  had  the  good  fortune  to  find  another  case  of  this  form 
of  infection  in  a  human  being,  a  case  that  derives  an  additional  inter- 
est from  the  fact  that  the  localizations  of  the  disease  in  it  were  in 
many  ways  different  from  those  observed  in  former  cases  of  this  kind. 
Unfortunately  the  post-mortem  examination  in  this  last  case  was 
held  very  late  after  death  and  the  usual  routine  bacteriological 
examination  Avas,  therefore,  omitted.  The  unusual  nature  of  the  • 
case  was  not  apparent  at  autopsy  and  was  recognized  only  when  fresh 
material  for  animal  exjseriments  could  no  longer  be  obtained.  The 
appearance  of  the  parasites  in  the  tissues  is  so  typical,  however,  that 
a  doubt  whether  this  case  belongs  to  the  same  category  seems  to  be 
hardly  justified. 

Apart  from  a  few  early  reports  of  cocci  diosis  in  the  human  being 
(Hadden,  Silcock,  Bland-Sutton,  all  mentioned  in  The  Lancet,  1889, 
II,  and  in  the  Gentralblatt  fiir  allgemeine  Pathologie  und  patholo- 
gische  Anatomie,  1894),  of  which  I  have  not  been  able  to  find  descrip- 
tions accurate  enough  to  decide  whether  they  belong  to  our  class  of 
cases,  there  are,  so  far  as  I  could  make  out,  only  four  observations  of 
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infectious  of  this  kind  in  the  human  being  recorded  in  the  literature. 
The  first  case  was  found  by  Posadas  in  Buenos  Ayi'es,  and  briefly  des- 
cribed by  Wernicke  in  1892,  in  the  Centralblatt  fiir  Bacteriologie  und 
Parasitenkunde.  With  his  description  of  the  case  he  gives  some  micro- 
photogTaphs  which  do  not  leave  any  doubt  about  the  nature  of  the  in- 
fection. Later,  after  the  death  of  the  patient,  Posadas  published  a  more 
elaborate  paper  on  this  same  case  in  the  Revue  de  chirurgie  for 
March,  1900.  The  original  imfortunately  was  not  accessible  to  me 
and  I  had  to  be  satisfied  with  a  review  in  the  British  Medical  Journal 
for  April,  1900.  The  other  three  cases  were  observed  in  California, 
two  of  them  by  Dr.  Kixford  (later  described  by  him  in  conjimction 
with  Dr.  Gilchrist  in  the  Joints  Hopkins  Hospital  Eeports,  I)  and 
the  third  one  by  Dr.  D.  W.  Montgomery  (British  Journal  of  Derm., 
XII,  1900).  In  addition  to  these  and  the  two  cases  described  in  this 
paper,  I  know  of  one  more  instance  that  was  also  seen  by  Dr.  D.  W. 
Montgomery  *  and  examined  by  Dr.  A.  E.  Taylor.  Unfortunately 
the  patient  left  San  Francisco  before  I  could  avail  myself  of  their 
invitation  to  examine  him,  and  at  the  same  time  make  some  inocu- 
lation experiments.  It  seems,  therefore,  that  the  disease  is  not  such 
a  very  rare  one  in  California,  and  we  can  hope  that  new  material 
will  be  forthcoming  that  will  enable  us  to  obtain  more  positive  data 
about  the  one  important  point  that  now  remains  to  be  decided, 
namely,  the  so\irce  of  spontaneous  infection.  It  has  remained  doubt- 
ful whether  the  disease  is  transmitted  from  man  to  man,  or  whether 
the  parasite  lives  somewhere  in  nature,  or,  what  I  suspect  very 
strongly,  whether  the  disease  is  originally  an  animal  disease  and  only 
■occasionally  transmitted  to  man. 

All  former  cases,  with  the  exception  of  ^lontgomery's,  seem 
to  be  examples  of  primary  infection  of  the  skin.  Rixford  and  Gil- 
•christ  directly  speak  of  a  protozoic  dermatitis.  It  is  quite  i-emark- 
able  that  both  cases  that  I  have  seen  should  be  different  from  this 
usual  type.     In  both  of  them  there  were  no  primary  cutaneous  lesions 

♦This   paper  was    written  in  1901.     Since  then   Drs.  Montgomery,  RytTkogel  and 
Morrow  have  published   this  case  in  the  Jonrnat  of  Cutaiieoiia  Diseases,  January,  1905. 
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at  all.  and  the  infection  bad  evidently  started  in  the  lungs  and  thence 
spread  to  other  organs.  In  the  first  case,'  the  one  studied  by  Dr. 
ilofBtt  and  myself,  the  first  clinical  symptoms  appeared  in  the  chest, 
and  at  autopsy  a  very  e.^tensive  involvement  of  the  lungs  was  found. 
There  was  also  an  empyema  on  the  left  side  in  which  the  parasitic 
organisms  and  pseudo-diphtheria  bacilli  were  present.  From  the 
lungs  the  disease  had  extended  through  adhesions  into  the  diaphragm 
and  further  down  to  the  retroperitoneal  lymphglands.  There  had 
also  occurred  a  generalization  of  the  disease  by  way  of  the  blood 
current  leading  to  the  formation  of  miliary  abscesses  in  the  spleen, 
suluniliary  tubercles  in  the  liver,  tubercles  and  chronic  miliary 
abscesses  in  both  kidneys,  purulent  periostitis  and  ostitis  of  the 
frontal  bone  and  both  tibias,  with  formation  of  abscesses  and  per- 
foration through  the  skin,  suppurative  inflammation  of  both  knee- 
joints,  the  right  shoulder,  both  elbows  and  both  wrists. 

In  the  second  case  there  were  old  lesions  in  the  lungs.  From  the 
limgs  the  pericardium  had  become  infected,  an  infection  which 
resulted  in  an  obliteration  of  the  pericardial  sac  by  fibroiis  adhesions 
and  the  formation  of  granulation  tissue  with  submiliary  tubercles 
and  miliary  abscesses  in  the  pericardium  at  the  basis  of  the  heart. 
Either  in  the  lungs  or  the  pericardium — this  point  could  not  be 
definitely  decided — the  parasites  must  have  gained  access  to  the 
blood  current,  the  infection  of  the  blood  resulting  in  this  case  in  a 
basilar  tubercular  meningitis  and  a  miliary  tuberculosis  of  the 
spleen  and  both  kidneys. 

These  observations  prove  the  occurrence  of  a  primary  piulmonary 
infection  in  this  disease  very  probably  due  to  inhalation  of  the  para- 
sitic organism  which  causes  it.  As  yet  it  is  impossible  to  decide 
whether  a  primary  intestinal  infection  by  ingestion  of  the  parasite 
is  also  possible. 

In  all  six  cases  the  pronounced  tendency  of  the  disease  not  only 
to  produce  very  extensive  lesions  at  the  point  of  infection  b\it  also  to 
spread  by  the  way  of  the  Ivmph-  and  lilood-current  is  very  marked. 

'See  detailed  description  of  cases  at  the  end  of  the  paper. 
31 
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All  cases  ended  with  the  death  of  the  patient.  Both  facts  prove  that 
the  human  being  when  once  infected  is  eminently  susceptible  to  the 
disease,  and  the  scarcity  of  cases  can  be  explained  only  by  assuming 
that  an  occasion  for  infection  is  very  rarely  given. 

MOEPHOLOGT  OF  THE  PARASITES  IN  THE  TISSUES. 

As  far  as  the  appearance  of  the  parasites  in  the  tissues  is  con- 
cerned, I  have  very  little  to  add  to  the  excellent  description  and  very 
instructive  plates  given  by  Eixford  and  Gilchrist  in  their  paper  in 
the  Johns  Hopkins  Hospital  Reports. 

The  adult  parasites  are  almost  perfectly  spherical  organisms  meas- 
uring about  30  /t  in  diameter.  They  consist  of  a  central  granular 
protoplasmic  body  and  a  peripheral  double-contoured,  highly  refrac- 
tile  membrane.  The  thickness  of  the  membrane  varies  a  little,  but 
in  normal  individuals  it  always  has  a  considerable  diameter — from 
about  a  fifth  to  a  tenth  of  the  radius  of  the  whole  parasite.  T\Tiether 
there  is  a  definite  nucleus  has  not  as  yet  been  made  out.  The  proto- 
plasm stains  well  with  nuclear  dyes  and  there  are  frequently  larger, 
intensely  staining  spots  in  it.  Vacuoles  may  be  seen,  but  are  not 
constant  nor  even  very  frequent.' 

In  old  lesions  one  frequently  encounters  what  seem  to  be  degen- 
erated forms.  Either  they  show  numerous  small  vacuoles,  or  the 
protoplasm  shrinks,  and  the  natural  result  is  the  falling  together 
and  folding  in  of  the  membrane.  Such  a  form  is  represented  in  the 
lower  half  of  Fig.  17.  As  I  have  found  such  forms  not  only  in 
sections  but  also  sometimes  in  fresh  teased  specimens,  I  do  not 
believe  that  they  can  be  regarded  as  artefacts,  a  possibility  that  is 
discussed  by  Kixford  and  Gilchrist. 

Under  favorable  conditions  the  adult  forms  begin  to  sporulatc. 
The  first  step  is  a  cleavage  of  the  protoplasm  inside  of  the  capsiile 
into  two  parts.'  These  divide  into  four  and  so  on,  imtil  a  large 
number  of  spores  have  been  formed,  as  is  well  described  in  Rixford 
and  Gilclirist's  paper  and  shown  in  their  Figs.  8,  9,  10,  11  and  12 

'In  Rixford  and  Gilchrist's  Case  II  tliey  were  almost  constant. 
3  This  earliest  step,  liowever,  has  never  been  actually  observed. 
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in  Plate  XXVI II.  The  spores  formed  in  this  way  are  quite  mimer- 
ous,  usually  a  hundred  and  more.  Their  protoplasm  is  homogeneous 
and  highly  refractile.  The  ultimate  form  of  the  spores  seems  to  be 
largely  the  effect  of  their  being  crowded  together  very  closely  in  the 
more  or  less  imyielding  capsule.  The  central  ones  are  usually  more 
or  less  S-like  and  sickel-shaped.  The  peripheral  ones  have  the  form 
of  biconcave  disks  or  biconcave  plates  of  varying  forms.  One  also 
finds  pyramidal  forms  with  more  or  less  concave  surfaces.  (Exam- 
ples of  sporulating  forms  are  found  in  Figs.  5,  16  and  23.) 

Neither  Rixford  and  Gilchrist  nor  I  have  ever  been  able  to  see 
any  active  motility  in  these  spores.  They  sometimes  stain  very  well 
with  nuclear  dyes,  at  other  times  very  badly  or  not  at  all.  I 
have  the  impression  that  the  very  last  stages  are  the  ones  that  stain 
so  poorly.  At  least  this  much  is  sure,  that  after  they  have  been  dis- 
charged into  the  tissues  through  a  tear  in  the  capsule — a  step  that 
now  follows — it  is  very  diificiilt  or  impossible  to  recognize  them, 
because  they  do  not  seem  to  take  either  nuclear  or  protoplasmic  stains 
in  a  decided  manner.  In  a  few  instances  Rixford  and  Gilchrist  have 
succeeded  in  staining  these  free  spores  with  Gram's  method. 

On  account  of  this  difficulty  of  recognizing  the  spores  after  they 
have  been  discharged  from  the  capsule,  it  is  impossible  to  make  any 
very  positive  statements  as  to  how  the  yoimg  parasites  develop  from 
the  spores.  It  is,  however,  likely  that  they  originate  from  them  by 
simple  enlargement,  in  such  a  way  that  the  protoplasm  in  the  center 
of  the  spores  enlarges  and  the  spore  membrane  also  grows  and  devel- 
ops into  the  double-contoured  membrane  which  envelops  the  adult 
parasite.  At  first  there  seems  to  be  a  considerable  stretching  of  the 
membrane.  At  least  the  yoimger  forms  certainly  have  a  thinner 
membrane  than  the  older  ones. 

Sometimes,  at  least  in  my  first  case,  the  development  of  the  young 
forms  from  the  spores  takes  place  within  the  old  membrane.  This 
seems  to  occur  when  the  development  of  the  parasite  is  an  especially 
rapid  one.  The  young  forms  certainly  develop  into  the  adult  forms 
by  simple  enlargement.  One  can  easily  trace  the  different  stages  of 
development  in  the  specimens. 
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In  their  Fig.  IT  on  Plate  XXIX,  and  Fig.  50  on  Plate  XXXIII, 
Eixford  and  Gilchrist  depict  forms  in  which  the  outer  surface  of  the 
membrane  is  full  of  small  prickles.  The  former  is  a  sporulating, 
the  latter  an  adult  form.  They  state  that  they  observed  these  forms 
only  in  two  or  three  instances  out  of  many  hundreds.  I  have  never 
seen  forms  with  prickles  as  long  as  those  represented  in  the  jilates, 
which  really  would  be  better  described  as  bristles.  Short  irregulari- 
ties on  the  outside  of  the  membrane  and  numerous  short  prickles  in 
the  same  place,  however,  I  have  met  with  very  frequently.  They  are 
best  seen  in  fresh  specimens  and  so  far  as  my  observations  go  are 
almost  constant  on  the  outside  of  the  membranes  of  the  sporulating 
forms. 

Like  Eixford  and  Gilchrist,  I  also  have  been  unable  to  find  any 
definite  budding  forms.  The  examples  nearest  to  it,  that  I  have  ever 
seen,  are  represented  in  Fig.  29  and  Fig.  30.  In  the  latter  it  cer- 
tainly looks  more  as  if  there  was  a  formation  of  a  small  pedicle  than 
that  of  a  bud. 

I  have,  however,  quite  frequently,  especially  in  my  animal  experi- 
ments, seen  two  young  parasites  lying  directly  adjoining  one  another 
so  that  both  together  formed  a  figure  8.  I  call  these,  for  the  sake  of 
brevity,  figure-8  forms.  In  this  case  each  of  the  two  parasites  is 
sometimes  surrounded  by  a  distinct  membrane,  as  is  shown  in  Eix- 
ford and  Gilchrist's  Fig.  34  on  plate  XXX,  but  at  other  times  the 
two  capsules  are  fused  into  one  at  the  point  where  the  parasites  touch 
one  another,  so  that  forms  are  produced  which  in  some  cases  might 
easily  arouse  the  suspicion  of  a  budding.  However,  the  two  parasites 
were  always  of  the  same  size  and  there  was  never  any  direct  con- 
tinuity of  the  protoplasm. 

Eixford  and  Gilchrist  are  undecided  whether  in  their  two  cases 
they  have  to  do  with  one  and  the  same  organism  or  whether  the 
organisms  in  the  two  cases,  although  closely  related,  belong  to  differ- 
ent species.  They  say  after  the  description  of  the  second  form : ' 
"  It  is  not  even  certain  that  the  parasites  in  the  two  cases  are  not 

*  Rixford  aud  Gilchrist,  loc.  cit.  pape  260. 
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identical  species.  Still  the  formation  of  the  spores  peripherally 
and  the  abundant  production  of  pus  with  the  second  form  of  parasite 
are  such  striking  peculiarities  that  for  the  present  we  propose  the 
name  Coecidioides  pyogenes  (in  contradistinction  to  Coccidioides 
iuunitis)  for  this  second  variety  of  the  parasite." 

Both  in  my  human  cases  and  also  in  my  animal  experiments,  which 
were  all  made  with  the  parasites  obtained  from  Case  I,  I  have  seen 
so  many  striking  differences  in  the  number  and  arrangement  of  the 
spores  formed  that  I  hardly  think  this  point  can  be  used  as  a  means 
of  differentiation  between  closely  related  species.  As  far  as  the 
abundant  formation  of  pus  in  their  Case  II  is  concerned,  I  hope  to 
be  able  to  prove  further  on  that  this  feature  was  due  not  to  a  differ- 
ence in  the  parasites,  but  to  the  presence  of  large  numbers  of  sporu- 
lating  forms.  I  believe,  therefore,  that  it  will  be  better,  until  further 
evidence  to  the  contrary  is  forthcoming,  to  regard  the  two  cases  of 
Rixford  and  Gilchrist  as  infections  with  the  same  organism. 

Rixford  and  Gilchrist  have  already  shown  that  with  material  con- 
taining the  protozoon-like  bodies  just  described  it  is  possible  to 
produce  lesions  in  animals  which,  at  least  to  a  certain  extent,  resem- 
ble those  which  were  observed  in  the  human  being.  Subcutaneoiis 
inoculations  only  were  attempted  and  the  results  of  these  were  not  at 
all  constant.  Of  seven  (two  dogs  and  five  rabbits)  experiments  only 
two  (Dog  1  and  Rabbit  5)  proved  successful.  In  the  dog  a  chronic 
ulcer  developed  at  the  site  of  inoculation  (leg)  and  an  enlargement 
and  abscess  formation  in  the  regional  (inguinal)  lymph-glands  fol- 
lowed. In  both  lesions  protozoon-like  bodies  were  demonstrated. 
Both  healed  completely  after  excision.  In  the  rabbit  also  a  chronic 
ulcer  developed  which  contained  the  protozoon-like  bodies.  The  ulcer 
persisted  for  a  long  time  (six  months),  but  showed  a  tendency  to 
decrease  in  size.  A  part  of  it  was  excised,  after  which  the  wound 
healed  rapidly.  There  were  no  signs  of  a  generalization  of  the 
infection. 

The  material  used  in  these  experiments,  however,  did  not  contain 
the  parasite  in  pure  culture. 
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Our  experiment  on  Gninea-pig  Xo.  1 '  shows  that  these  animals 
also  are  not  very  susceptible  to  subcutaneous  infection.  When  the 
guinea-pig  was  killed  ten  weeks  after  inoculation  a  very  slight  lesion 
was  found  at  the  point  of  inoculation  and  no  involvement  of  the 
regionarv  lymph-glands  nor  any  general  infection. 

That  in  man  also  the  skin  is  not  very  susceptible  to  the  infection 
Rixford  and  Gilchrist  demonstrated  by  experimental  inocxilations  of 
unaffected  parts  of  the  skin  in  their  Case  I.  These  inoculations  in 
all  instances  proved  unsuccessful.  Our  experiments  on  Guinea-pigs 
2  and  3  prove,  however,  that  the  animal  is  very  much  more  suscep- 
tible to  intraperitoneal  infection. 

Further  experiments  with  the  protozoon-like  bodies  thcuisclvcs  on 
rabljits  were  not  performed. 

DEVELOPMENT     OF     THE     PARASITE     ON     ARTIFICIAL     ]MEDI.\. 

The  first  to  obtain  a  development  of  the  parasitic  organisms  on  arti- 
ficial media  were  Dr.  H.  C.  Moffitt  and  Dr.  May  Ash.  At  the 
autopsy,  which  was  performed  by  Dr.  Moffitt,  they  inoculated  slant- 
ing agar-agar  tubes  with  material  obtained  from  the  kidney,  lung, 
the  abscess  over  the  left  eye,  the  left  pleural  cavity  and  spleen.  In 
the  cultures  from  the  pleura  and  spleen  a  white  mouldy  growth 
developed  which,  when  it  was  shown  to  me,  T  regarded  as  an  acci- 
dental contamination,  whereas  Dr.  Moffitt  and  Dr.  Ash  were  quite 
ready  to  believe  that  it  had  something  to  do  with  the  parasitic  organ- 
ism found  in  the  tissues.  When,  however,  Guinea-pig  No.  2,  which 
had  received  some  of  the  pulmonary  tissue  of  Case  T  injected  into 
the  peritoneal  cavity,  died  showing  lesions  which  in  many  respects 
resembled  those  of  Case  I,  and  which  contained  the  typical  parasites 
in  jmre  culture,  and  when  also  cultures  made  at  the  autopsy  from  the 
pus  near  the  testicles  now  developed  the  same  mould  in  profusion 
and  in  pure  culture,  my  attitude  towards  the  mould  naliirally  lii>gan 
to  change. 

It  was  at  once  recognized  that  in  order  to  make  sure  of  the  true 
relation  of  the  ])arasite  found  in  the  tissues  and  the  mnulil   in   tlio 

'A  (Ictalk'd  record  of  the  animal  experiments  is  given  iit  the  end  of  tlie  paper. 
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cultures  to  one  another  two  things  were  necessary:  first,  if  possible, 
to  trace  under  the  microscope  the  development  of  the  mould  from 
the  protozoon-like  bodies  (the  parasite  in  the  tissues),  and  secondly, 
to  attempt  to  reproduce  lesions  containing  these  protozoon-like  bodies 
by  inoculating  animals  with  pure  cultures  of  the  mould.  As  we 
have  already  stated  in  our  jjreliminary  report,  we  succeeded  in  both 
respects. 

On  April  20,  1900,  a  little  of  the  pus  from  an  abscess  near  the 
testicle  in  Guinea-pig  3  was  suspended  in  beef-tea  in  the  form  of  a 
hanging  drop.  On  examination  the  drop  contained  three  protozoon- 
like  forms.  The  slide  was  then  incubated  for  twenty-four  hours  and 
next  day  a  mycelium  had  developed  from  two  of  the  three  organisms 
tliat  were  present,  very  much  in  the  same  fashion  as  is  represented  in 
Figs.  32  and  33,  which  are  drawn  from  later  experiments.  In  order 
to  exclude  all  possible  error,  this  experiment  was  repeated  a  consid- 
erable number  of  times,  always  with  the  same  result. 

The  experiments  showed  further  that  a  development  of  the 
protozoon-like  bodies  into  mycelia  does  not  take  place  so  long  as  the 
parasites  are  enclosed  even  in  the  smallest  shreds  of  tissue.  This 
explains  why  one  usually  obtains  cultures  only  from  abscesses,  not 
from  the  more  solid  tubercle-like  lesions. 

In  the  second  place,  even  when  the  parasites  are  free,  they  do  not 
all  grow  out  into  mycelia.  It  seems  that  they  must  have  at  least 
reached  the  adult  stage. 

The  development  of  the  mycelia  from  the  protozoon-like  bodies 
occurs  in  the  following  manner:  The  thick  membrane  which  sur- 
rounds the  latter  becomes  very  thin  in  one  place  and  begins  to  evagi- 
nate  over  a  bud  from  the  enclosed  protoplasm  (see  Fig.  32,  upper 
left  corner).  These  buds  soon  assume  the  form  of  coarse  more  or 
less  cylindrical  threads "  which  are  either  straight  or  somewhat  wavy. 

« In  a  case  studied  only  very  recently  after  completion  of  this  paper,  the  first  buds 
were  more  or  less  club-shaped,  and  later  on  several  rows  of  club-shaped  links 
developed  around  the  protozoon-like  body  extending  more  or  less  in  a  radial  direction 
away  from  it.  The  appearance  was  entirely  that  seen  in  certain  saccharomyces  that 
form  hyphae  in  their  cultures.  More  in  the  periphery  of  the  growth,  however,  the 
hyphae  became  again  cylindrical  like  those  in  Figs.  32  and  33. 
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At  first  the  protoplasm  forms  one  continuous  mass  in  main  body  and 
buds,  but  after  a  while  septa  appear  at  various  places  in  the  buds  and 
sometimes  a  partition  also  forms  between  the  bud  and  the  main  body. 

Fig.  34  represents  what  I  believe  to  be  the  development  of  hyphae 
from  a  spore  of  the  protozoon-like  bodies.  The  specimen  was  made 
from  an  abscess  that  had  developed  at  the  base  of  the  ear  of  Eabbit  4, 
after  an  injection  of  material  from  a  pure  ciilture  of  the  mould  into 
the  subcutaneous  tissue  at  this  spot.  The  specimen,  which  was  taken 
on  the  tenth  day  after  the  injection,  was  carefully'  examined  and 
none  of  the  spores  of  the  mould,  originally  introduced  with  the  pure 
culture,  seemed  to  be  left.  After  twenty-four  hours  in  the  incubator  a 
budding  of  hyphae  from  small  roimd  bodies,  like  a  in  Fig.  34,  was 
found  in  very  many  places.  Since  the  pus  contained  many  sporulat- 
ing  forms  and  also  many  empty  shells,  it  must  have  contained  many 
free  endospores  from  the  protozoon-like  bodies,  which,  however,  at 
the  first  examination  were  not  specially  noticed.  I  have  stated  above 
how  difficult  it  is  to  recognize  them  after  they  have  become  scattered 
in  the  tissues.  It  is,  therefore,  very  probable  that  these  endospores 
enlarged  (a  in  Fig.  34  is  much  larger  than  the  endospores  of  the 
protozoon-like  bodies)  and  then  biidded  o\it  into  hyphae. 

There  is  one  more  reason  why  these  round  bodies  from  whicli  the 
hyphae  developed  could  not  be  the  originally  injected  spores  from  the 
mould,  and  that  is  found  in  their  form.  The  difference  is  well  seen 
in  comparing  Fig.  31,  which  represents  a  budding  spore  from  a  piire 
culture  on  artificial  media,  with  Fig.  34. 

In  our  preliminary  report  we  state :  "  It  also  seems  as  if  there 
occurred  (in  the  hanging  drop  outside  of  the  tissues)  a  limited  devel- 
opment of  the  protozoon-like  bodies  wlien  tliey  arc  enclosed  in  shreds 
of  tissue."  This  statement  was  based  on  some  observations  in  which 
I  had  coimted  the  number  of  parasites  in  shreds  of  tissue  before  and 
after  incubation.  It  appeared  then  as  if  their  number  had  slightly 
increased.  Later  counts,  which  perhaps  were  made  more  carefully, 
did  not  confirm  the  earlier  ones,  and  I  now  believe  that  the  discrepancy 
in  the  figures  was  due  to  the  fact  that  after  contiiiiicd  poaking  in 
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beef-tea  the  smaller  forms  show  better  in  the  tissues,  so  that  they 
could  have  been  overlooked  in  the  first  count  but  were  easily  seen 
and  registered  in  the  second  one. 

The  cultures  obtained  from  Case  I  and  from  a  number  of  the 
inoculated  animals  may  be  shortly  described  as  follows : 

Agar-agar  (ordinary  agar-agar,  glycerin  agar-agar,  2%  glucose  agar- 
agar).  The  growth  develops  slowly  at  room  temperature,  quite  rapidly 
at  37°  C.  (thick  membrane  in  24  to  48  hours  in  incubator).  On  the 
surface  of  the  medium  a  white  mouldj'  growth  is  formed  with  a  slightly 
wavy  outline.  The  aerial  hyphae  are  never  very  long,  about  .5  to  1  mm. 
Old  pure  cultures  look  as  if  they  had  been  strewn  over  with  just  visible, 
bright,  white  particles  of  sand.  From  the  lower  surface  of  the  growth 
numerous  h3'phae  grow  into  the  medium,  by  which  the  growth  becomes 
very  firmly  attached  to  it.  Only  with  a  stout  platinum  needle  is  it  pos- 
sible to  dig  out  portions  of  the  growth  from  the  surface.  The  agar-agar 
in  the  neighborhood  of  the  growth  soon  shows  a  brown  discoloration.  The 
growth  itself  remains  perfectly  white,  only  very  late  when  the  medium 
dries  out  one  observes  a  slight  yellowish-brown  discoloration.  In  the  later 
stages  of  development,  when  the  medium  dries  out,  the  growth  retracts 
more  in  the  middle  than  in  the  periphery.  The  membrane  begins  to 
show  a  slight  irregular  wrinkling  but  there  is  no  marked  folding. 

Microscopic  examination  in  the  beginning  of  the  development  shows 
long,  septate,  branched  hyphae  (about  2  /jl  in  diameter)  which  form  an 
intricate  meshwork.  The  hyphae  within  the  medium  always  remain  in 
this  condition.  In  the  aerial  hyphae  one  observes  later  club-shaped 
swellings  at  the  end  and  also  the  formation  of  spores.  The  spores  origi- 
nate at  the  end  of  the  aerial  hyphae  within  them.  Three  or  four  are 
formed  at  a  time  by  a  contraction  of  the  protoplasm  at  regular  distances 
with  accompanpng  swellings  at  these  places  (Fig.  25).  Later  the  con- 
tracted protoplasmic  mass  is  shut  off  at  both  ends  by  a  double-contoured 
membrane.  The  protoplasm  that  goes  to  form  the  spores  is  at  first  very 
granular,  later  highly  refractile  and  homogeneous.  The  formed  spores 
have  biconvex  sides,  as  is  shown  in  Fig.  25.  The  places  between  the  spores 
are  entirely  devoid  of  protoplasm  and  the  membranous  cylinder  that  con- 
nects the  spores  after  they  have  been  formed,  seems  to  be  very  brittle,  so 
that  after  a  while  the  spores  break  off  and  form  irregular  clusters  around 
the  ends  of  the  aerial  hyphae.  In  these  clusters  the  spores  at  first  usually 
adhere  to  one  another  in  rows,  but  later  they  break  apart  and  become 
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single.     At  the  ends  of  the  isolated  spores  one  can  almost  invariably  see 
pieces  of  the  empty  intermediate  link  that  existed  between  them. 

From  this  deseriptiou  one  will  see  that  the  spores  are  typical 
chlamydospores  and  not  oidia,  as  was  stated  in  o^ir  first  publication. 
In  later  cultures,  however,  I  have  found  oval  double-contoured  spores 
in  rows  at  the  end  of  the  aerial  hyphae.  They  varied  somewhat  in 
size  and  the  largest  ones  were  usually  found  at  the  end,  giving  the 
Avliole  a  somewhat  club-shaped  appearance.  These  oval  spores  were 
directly  attached  to  one  another  without  any  intermediate  empty 
pieces  of  mycelium.      I  have  never  seen  any  lateral  conidia. 

In  very  old  pure  cultures  tiie  spores  lose  their  characteristic  shapes  and 
become  round  or  sausage-shaped.  They  also  lose  part  of  their  resplen- 
dence. When  these  chlamydospores  are  brought  into  fresh  media  they  bud 
out  into  new  hj'phae  (see  Fig.  31).  The  spore  membrane  always  bursts  at 
the  side. 

Gelatine. — Formation  of  a  similar  growth  occurs  on  the  surface.  The 
aerial  hyphae,  however,  appear  late  and  are  not  so  plentiful.  The  gela- 
tine beginning  with  about  the  tenth  day  is  slowly  liquified.  Microscopi- 
cally the  growth  resembles  that  on  agar-agar.  The  formation  of  spores 
occurs  late,  however,  and  is  not  plentiful. 

Raisin-gelatine  gives  a  similar  development. 

Beef-tea. — Growth  at  the  bottom  of  the  tube  in  form  of  irregular  flakes 
that  look  like  pieces  of  coarse  cotton.  The  growth  is  first  white,  later 
brownish.  Microscopically,  it  consists  of  a  dense  felt  of  septate  hyphae 
of  the  same  appearance  as  those  in  other  cultxircs.  Formation  of  air- 
hyphae  and  spores  was  not  observed. 

Milh  is  slowly  peptonized  (in  the  course  of  a  month  or  two)  without 
change  in  reaction.  At  last  one  obtains  a  clear  liquid  with  a  thick  wliite 
scum  on  the  surface,  which  may  show  greenish  and  lilac  spots. 

Potato. — Abundant  growth,  very  much  like  that  on  agar-agar.  Early 
and  profuse  production  of  spores. 

Carrot  and  turnip. — Less  abundant  development  and  later  and  less 
abundant  spore  formation. 

Cultures  develop  on  all  media  slowly  but  very  well  at  room  t('in]i('rature 
(between  15°  and  20°  C). 

The  mould  develops  very  well  on  all  albuminous  media  (Ijooftlcr's 
serum,  glycerine  (6%)  serum,  ascitic  fluid).     Protozoou-likc  bodies  were 
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not  observed  in  any  of  the  cultures  even  in  albuminous  media  under 
aerobic  and  anaerobic  conditions. 

It  was  also  tried  whether  a  development  of  the  mould  into  the  proto- 
zoon-like  bodies  would  take  place  in  a  collodion  sac  that  was  allowed  to 
remain  in  the  peritoneal  cavity  of  an  animal  for  some  time.  When  the 
sac  was  examined  five  days  after  its  introduction  into  the  peritoneal 
cavity  it  contained  mould  spores  only,  the  mycelium  having  disappeared 
completely,  but  protozoon-like  bodies  were  not  found. 

I  have  been  able,  however,  to  trace  the  development  of  the  protozoon- 
like  bodies  from  the  mould  after  its  introduction  into  the  animal  body, 
in  Eabbit  No.  4.  The  animal  was  inoculated  into  the  ear-vein  with  a 
culture  that  contained  many  spores,  but  part  of  the  infectious  material 
entered  the  subcutaneous  tissue  near  the  vein.  Two  days  afterwards 
already  a  small  abscess  had  developed  at  the  point  of  inoculation.  A 
microscopic  examination  of  the  pus  showed  that  the  inoculated  mycelial 
threads  had  disappeared,  but  that  as  yet  it  contained  the  injected  mould- 
spores  in  large  numbers  and  also  that  a  few  of  them  had  developed  into 
short  h}^hae  such  as  are  represented  in  Fig.  38. 

On  the  following  (third)  day  these  hyphae  began  to  break  up  and  dis- 
appear and  had  vanished  completely  on  the  following  day  or  the  day  after. 
With  the  third  day  a  development  of  the  mould-spores  into  the  proto- 
zoon-like bodies  began.  This  development  is  shown  in  Fig.  29.  As  is 
represented  in  the  figures,  the  spores  either  enlarge  as  a  whole  (Fig.  29b) 
and  gradually  assume  the  forms  of  the  protozoon-like  bodies,  or  the  devel- 
opment is  at  first  uneven.  One  side  of  the  spore  shows  a  marked  bulging 
(Fig.  29a),  but  then  also  in  course  of  time  the  bodies  assume  a  spherical 
form  and  the  remnants  of  the  intermediate  link  disappear.  On  the 
fourth  day  already  some  of  these  newly  formed  protozoon-like  bodies  had 
developed  into  sporulating  forms  and  on  the  fifth  day  the  sporulating 
forms  were  very  numerous.  On  the  seventh  day  the  originally  injected 
mould-spores  were  very  few  in  number  and  on  the  tenth  day  they  had 
disappeared  altogether. 

In  my  specimens  I  have  never  been  able  to  see  anj'  indication  of  a 
direct  development  of  mycelium  into  protozoon-like  body,  and  I  do  not 
believe  that  it  ever  occurs.  In  cases  in  which  animals  are  apparently 
inoculated  with  mycelium  only,  as  in  the  case  of  Rabbit  2,  and  in 
which  nevertheless  the  protozoon-like  bodies  develop  in  the  tissues,  I 
believe  that  there  must  be  first  a  formation  of  spores  and  secondarily  a 
development  of  protozoon-like  bodies  from  them.  It  may,  however, 
also  be  that  in  this  case,  in  the  preliminary  examination  of  the  pure 
culture,  a  few  spores  were  overlooked,  which  is  really  more  probable. 
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Inoculation  experiments  with  the  pure  culture  of  the  mould  on  guinea- 
pigs  and  rabbits  were  imiformly  successful,  with  the  exception  of  my 
first  experiment  on  Guinea-pig  4.  The  culture  wliich  was  employed  in 
that  instance  had  been  developing  only  a  comparatively  short  time,  and 
the  unsuccessful  outcome  may  be  explained  by  a  complete  absence  of 
spore-formation  in  the  young  culture.  Otherwise  it  is  difficult  to  find 
any  reason  for  it,  since  in  all  other  cases  the  infection  took  very  readily. 

Two  frogs  were  inoculated,  one  into  the  dorsal  IjTiiph-space,  the  other 
into  the  peritoneal  cavity;  they  remained  healthy  and  at  autopsy  did 
not  show  any  lesions. 

In  several  cases  new  pure  cultures  of  the  mould  were  obtained  by 
inoculating  suitable  media  with  pus  from  inoculated  animals.  In  all 
these  cases  the  pus,  when  examined  with  the  microscope,  contained  proto- 
zoon-like  bodies  in  pure  culture,  and  no  mycelia,  and  the  cultures,  which 
were  obtained,  mycelia  and  chlamydospores  and  no  protozoon-like  bodies. 

I  believe  that  my  experiments  prove  conclusively  that  the  proto- 
zoon-like bodies  belong  to  the  life  cycle  of  the  pathogenic  mould, 
which  was  cultivated  on  the  artificial  media.  ^Yhen  the  parasite 
develops  in  the  animal  body  it  appears  in  the  form  of  protoplasmic 
spheres  surrounded  by  a  thick  double-contovired  membrane  and  jiropa- 
gates  itself  by  endogenous  sporulation;  when  it  develops  on  the 
artificial  culture-media  it  develops  a  mycelium,  and  at  the  end  of 
the  aerial  hyphae  of  this  mycelium  chlamydospores  are  formed, 
which  when  brought  into  new  artificial  media  again  reproduce  the 
mycelium,  and  so  on.  In  case,  however,  these  chlamydospores  enter 
the  body  of  susceptible  animals,  they  develop  into  protozoon-like 
bodies  with  endogenous  sporiilation.  These  propositions  have  been 
proved  in  two  ways.  First:  Animals  have  been  inoculated  with 
pure  cultures  of  the  mould,  which  did  not  contain  any  protozoon-like 
bodies,  and  have  developed  a  disease,  in  the  lesions  of  which  the 
protozoon-like  bodies  were  found  in  pure  culture  and  no  mycelium. 
From  these  diseased  spots  the  mould  has  then  again  been  obtained  by 
cultivation.  Secondly:  Development  of  the  different  stages  into 
one  another  has  been  directly  traced  under  the  microscope:  forma- 
tion of  a  mycelium  from  the  protozoon-like  bodies  and  their  spores 
In  the  hanging  drop;  development  of  the  chlamydospores  into  pro- 
tozoon-like bodies  in  the  subcutaneous  abscess  in  Rabbit  No.  4. 
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CLASSIFICATION. 

In  regard  to  the  classification  of  the  new  pathogenic  monld  we 
encounter  great  difficulties  which  it  has  been  impossible  for  nie  to 
overcome  in  a  satisfactory  manner.  I  believe  that  this  part  of  the 
inquiry  belongs  rather  to  the  field  of  botany.  I  have  therefore  con- 
sulted with  several  well-known  botanists,  but  they  also  were  at  a 
loss  how  to  place  the  new  fungus,  and  all  seem  to  agree  that  our 
present  system  of  classification  of  the  lower  fungi  is  very  imperfect 
and  far  from  satisfactory  in  many  ways. 

The  only  organism  which  has  at  least  some  points  in  common  with 
the  one  described  in  this  paper,  is  the  one  that  was  found  by  Gilchrist 
and  Stokes '  in  a  case  of  pseudo-lupus.  Gilchrist  and  Stokes  observed 
that  blastomycetes  in  the  tissues  also  form  spherical  protoplasmic 
bodies  with  a  thick  capsule  which,  however,  multiply  by  budding 
and  not  by  endogenous  sporulation.  When  cultivated  on  artificial 
media  they  first  show  very  peculiar  budding  forms,  that  are  repre- 
sented on  Plates  VI  and  VII,  which  accomjjany  the  article  referred 
to ;  later  one  finds  a  very  intricate  meshwork  of  very  thin  hyphae  in 
the  cultures. 

I  am  much  indebted  to  Dr.  Gilchrist  for  giving  me  the  oppor- 
tunity of  studying  this  parasitic  organism.  I  can  only  fully  con- 
firm Gilchrist  and  Stokes'  observation  as  far  as  the  growth  on 
artificial  media  is  concerned.  In  old  pure  cultures  I  have  regularly 
found  peculiar  bodies  that  seem  to  develop  at  the  end  of  the  hyphae. 
They  are  represented  in  Figs.  26  and  27.  They  are  about  10  /i*  in 
diameter.  They  consist  in  a  rather  thick  sometimes  double-con- 
toured membranous  sac  that  is  filled  with  small,  roimd,  highly  refrac- 
tile  granules.  These  granules  do  not  give  the  staining  reactions  of 
fat.  It  is  possible  that  they  represent  a  form  of  endogenous  sporu- 
lation, but  I  have  not  been  able  to  prove  this  by  demonstrating  a  de- 
velopment of  either  a  new  mycelium  or  the  budding  forms,  that 
occur  in  the  tissues. 


"Gilchrist  and  Stolies.     A  case  of  pseudo-lupus  vulgaris  caused  by  a  blastomyces. 
Journal  of  Experimental  Medicine,  189S,  III,  5^. 
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At  the  meeting  of  the  Chicago  Pathological  Society  on  ilonday, 
April  8,  1901,  Dr.  H.  T.  Ricketts  read  a  paper  on  ''  Blastomycetic 
(Oidiomycetic)  dermatitis  and  its  organisms."  As  far  as  I  can 
gather  from  a  short  review  of  his  paper,  which  appeared  in  the  Phila- 
delphia Medical  Journal  of  April  27,  1901,  he  believes  that  the 
organisms  found  in  "  blastomycetic  dermatitis  "  and  also  the  one 
isolated  from  onr  Case  I,  although  differing  in  certain  respects,  all 
belong  to  one  group  of  fimgi,  the  oidia.  As  far  as  the  fungus  that 
is  described  in  this  paper  is  concerned,  he  has  perhaps  been  slightly 
misled  by  our  preliminary  report,  in  which  it  was  stated,  that  oidia 
had  been  found  in  the  cultures,  yet  as  far  as  his  contention  goes 
that  all  these  fungi  belong  together,  I  agree  with  him  perfectly.  A 
closer  investigation,  however,  has  shown  that  our  first  statement  of 
the  occurrence  of  oidia  was  erroneous.  The  majority  of  the  spore- 
like bodies  are  certainly  not  oidia,  but  a  modification  of  them — 
chlamydospores — the  characteristic  being  that  in  the  hyphae  the  pro- 
toplasm is  concentrated  at  certain  points  in  the  form  of  spores,  leaving 
between  the  spores  segments  of  the  original  hyphae,  which  are  empty, 
as  is  shown  in  Fig.  25.  Following  the  general  laws  of  oidia  and 
chlamydospores,  the  chlamydospores  formed  in  oiir  fungus  can  de- 
velop either  into  a  new  vegetative  form  (development  t>f  hyphae 
from  them  when  brought  upon  new  media,  see  Fig.  31)  or  under 
favorable  conditions  (in  our  case  in  the  animal  body)  into  "  Frueht- 
korper  "  with  endogenous  sporulation.  Following  Brefeld's  classi- 
fication of  fungi,  if  I  understand  correctly,  our  fungus  on  acco\int  of 
this  constant  and  typical  endogenous  sporulatinn  would  belong  to  the 
ascomycetes.' 

On  account  of  the  difficulties  in  the  way  of  an  intelligent  classifi- 

"Siuce  the  above  was  written,  I  have  had  the  opportunity  not  only  to  study  Dr. 
Kickett's  article  in  the  original,  but  also  to  see  a  number  of  bis  cultures,  which  be 
was  kind  enough  to  show  me.  I  am  now  more  than  ever  convinced  that  the  organ- 
isms which  he  describes  and  also  the  one  studied  in  this  paper  are  all  very  closely 
related  to  one  another,  and  belong  to  a  rather  badly  delined  genus  interposed 
between  hyphoniycetes  and  blastomycetes.  All  oidia  would  belong  to  the  same 
group  and  it  would  perhaps  he  well  to  enlarge  the  meaning  of  oidium  sulllciently  to 
make  it  cover  the  entire  group,  as  Uickett  in  his  i)aper  proposes  to  do. 
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cation  of  the  parasite,  I  believe  it  to  be  best  to  reserve  the  adoption 
or  coining  of  a  generic  name  for  the  future,  and  use  the  name  which 
has  been  j^roposed  by  Eixford  and  Gilchrist  as  a  generic  name  for 
what  they  believed  to  be  a  protozoon,  as  a  name  for  the  species.  Its 
name  then  would  be  Oldium  coccidioides,  or,  if  there  should  be  objec- 
tions to  the  adoption  of  coccidioides,  Oldium  protozoides. 

I  have  also  had  an  opportunity  of  studying  the  blastomycetes  that 
were  isolated  by  Dyer  '  from  a  case  of  blastomycetic  dermatitis.  This 
organism  is  certainly  entirely  different  from  either  Gilchrist  and 
Stokes'  or  the  one  described  in  this  paper,  growing  in  all  respects 
like  an  ordinary  blastomyces  and  causing  alcoholic  fermentation  in 
sugar-solutions,  whereas  in  the  case  of  the  other  two  parasites  I  have 
never  seen  any  evidence  of  such  fermentative  action. 

LESIONS    PRODUCED    IN    LOWER    ANIMALS    AND    MAN. 

A  short  synopsis  of  the  cases  which  up  to  date  have  been  observed 
in  the  human  being,  will  serve  best  to  show  their  similarity  in  many 
respects  and  also  to  bring  out  their  individual  peculiarities. 

I.     Cases  with  Primary  Cutaneous  Infection. 

No.  1. — Ca.se  of  Posadas  and  Wernicke. — Middle-aged  man.  First 
symptom:  nodular  growths  in  skin  of  face  and  of  left  thigh  resembling 
mycosis  fungoides.  Secondary  involvement  of  regionary  lymph-glands. 
Disease  lasted  seven  years.  At  postmortem  miliary  tubercles  in  internal 
organs. 

No.  2.  First  case  of  Dr.  Eixford  and  Dr.  Gilchrist.  Man  40  years  old, 
from  the  Azores.  First  symptom :  sores  on  forehead  and  back  of  neck. 
Character  of  skin  lesions:  irregular  ulcers  with  f ungating  masses  of 
granulation  tissue  containing  tubercles.  Slowly  spreading  over  face,  and 
infection  of  other  parts  of  skin.  Nine  years  after  first  changes  in  skin 
involvement  of  regionary  lymph-glands  Eemittent  fever,  which  lessened 
after  antiseptic  treatment  of  ulcers  (fever  due  to  secondary  infection 
with  pyogenic  cocci?)  destruction  of  both  eyes.  Death  about  ten  years 
after  first  symptoms. 

'  Dyer.  Blastomycetic  Dermatitis,  etc.  American  Journal  of  Dermatology  and  Oenito- 
Urin.  Di.i.,  1900,  Xo.  3. 
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Lesions  found  at  postmortem :  Extensive  chronic  tuberculosis  and 
ulceration  of  skin.  A  few  small  cavities,  chronic  miliary  tuberculosis, 
old  scars  and  diffuse  consolidation  of  lungs.  Chronic  tubercular  pleurisy 
and  peritonitis.  Tubercles  in  spleen.  Multiple  abscesses  in  mesenteric 
and  peribronchial  lymph-glands.  Chronic  tuberculosis  of  both  adrenals. 
Chronic  tuberculosis  and  suppuration  of  both  testes  and  prostate.  Sup- 
purative necrotizing  osteomyelitis  of  middle  of  left  tibia  and  head  of 
metacarpal  bone  of  left  index  finger. 

Xo.  3.  Second  case  of  Eixford  and  Gilchrist.  ^lan  33  years  old,  from 
the  Azores.  First  symptoms:  pimples  on  left  side  of  forehead  which 
developed  into  chronic  ulcers.  Character  of  cutaneous  lesion:  first 
infiltration  of  skin,  then  flat,  rapidly  growing  irregular  ulcers.  Soon 
afterwards  infection  of  other  parts  of  the  skin.  Early  involvement  of 
regionary  lymph-glands.  Metastatic  infection  of  inguinal  Ij-mph-gland 
by  way  of  the  blood  current.  Xight-sweats,  remittent  fever.  Duration 
of  disease,  three  months.     Xo  necropsy. 

II.  Cases  irith  Primari/  Pulmonary  Infection  without  Cutaneous 

Infection. 

Xo.  4.  Case  I.  Boy  19  years  of  age,  bom  in  the  Azores.  First 
symptom:  chill  followed  by  pleurisy;  later  multiple  acute  arthritis, 
osteomyelitis  of  frontal  bone.  Cough  and  expectoration.  Slight  chills 
and  profuse  sweating.    Duration  of  disease,  three  months. 

Lesions  found  at  postmortem :  Abscesses  and  diffuse  consolidations  of 
both  lungs,  emp3ema  on  left  side,  purulent  infiltration  of  diaphragm, 
multiple  abscesses  and  necrosis  in  retroperitoneal  lymph-glands.  Mili- 
ary abscesses  in  liver  and  kidney.  Miliary  tubercles  in  kidneys.  Mul- 
tiple foci  of  purulent  osteomyelitis  and  arthritis. 

Xo.  a.  Case  II.  No  clinical  histon-;  old  man,  German.  Lesions 
found  at  postmortem:  Old,  partly  healed  lesions  in  lungs.  Chronic 
tuberculous  pericarditis,  miliary  tuberculosis  of  spleen  and  both  kidneys, 
basilar  tuberculous  meningitis. 

III.  Case  of  Apparent  Primary  Infection  of  Lungs  ivith  Cutaneous 

Lesions. 

Xo.  6.  Dr.  Montgomer_\''s  case.  Male,  21  years  of  age.  German. 
First  symptom:  cough  ten  months  before  deatli.  Multiple  cutaneous 
lesions  appeared  two  months  before  death.  Character  of  cutaneous 
lesions :  Large  tubers  like  those  of  mykosis  fungoides,  later  suppuration. 
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High    remittent   fever   with    night-sweats.     Secondary   involvement    of 
regionary  glands.     JIarked  rapidly  progressing  pulmonary  lesions. 

Findings  at  postmortem :  Cutaneous  lesions.  Large  abscess  of  the 
size  of  an  infant's  head  in  upper  part  of  right  lung  communicating  with 
abscess  of  the  neck  and  the  chest  underneath  the  clavicle  on  the  right 
side.  Several  smaller  abscesses  and  diffuse  consolidation  of  right  lung. 
Immense  abscess  of  liver.     Kidneys  and  spleen  apparently  normal. 

A  comparison  of  these  cases  shows  in  the  first  place  that  the  dura- 
tion of  the  disease  varies  within  wide  limits  (from  three  months  to 
nine  years)  and  also  that  the  duration  in  no  way  depends  on  the 
primary  seat  of  infection. 

The  clinical  symptoms  vary  very  much  and  of  course  depend 
entirely  on  the  organs  affected,  and  on  the  extent  of  the  lesions  in 
them.  Remittent  fever  and  night-sweats  seem  to  be  a  constant  fea- 
ture of  the  disease,  at  least  in  its  later  stages.  They  were  present  in 
all  foxiT  cases  of  which  I  found  clinical  records. 

In  all  eases  the  disease  shows  a  marked  tendency  to  spread  as  well 
by  way  of  the  lymph-channels  as  by  way  of  the  blood-current.  Case 
2,  however,  proves  that  this  tendency  to  generalization  may  mani- 
fest itself  very  late  (nine  years  after  the  beginning  of  the  disease). 

The  cutaneous  lesions,  when  they  are  present,  may  apparently  be 
quite  different  in  different  eases,  showing  either  more  the  appearance 
of  mykosis  fungoides  with  large  tubers  and  secondary  slow  ulcera- 
tion (Cases  1  and  6)  or  that  of  a  chronic  tuberculosis  verrucosa  cutis 
(Case  3) ;  or  again  one  observes  rapid  infiltration  of  the  skin  with 
extensive  flat  ulceration  (Case  3).  The  differences  are  due  to  the 
more  or  less  rapid  progress  of  the  destructive  process. 

In  all  organs  the  disease  appears  in  the  form  of  miliary  nodules  or 
miliary,  rarely  larger,  abscesses,  which  exceptionally,  however,  may 
attain  a  very  considerable  size  (abscess  of  size  of  child's  head  in 
lung  and  immense  abscess  in  liver  in  Case  6). 

The  disease,  therefore,  belongs  to  the  infectious  granulomata  and 

shows  a  great  deal  of  similarity  to  glanders.     In  fact,  when  I  first 

saw  the  specimens  of  Case  5,  I  at  once  thought  of  glanders.     As  a 

name    for   the    disease    I    should   propose    coccidioidal   granuloma. 

32 
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What  is  true  in  these  respects  of  the  human  cases,  also  holds  good  for 
the  disease  in  guinea-pigs  and  rabbits,  as  a  study  of  the  detailed 
accounts  of  the  animal  experiments,  which  are  given  at  the  end  of  the 
paper,  will  readily  show. 

I  should  like  to  call  special  attention  to  the  frequent  m\iltiple 
infections  of  the  bone  (Cases  2  and  4,  Rabbit  3  [osteomyelitis 
of  some  lumbar  vertebrae  with  compression  of  the  cord,  osteomyelitis 
of  the  parietal  bones  with  compression  of  the  cerebrum]  ) . 

The  infection  of  the  testicles  and  prostate  in  human  Case  2 
acquires  interest  when  we  observe  the  constant  occurrence  of  sup- 
purative periorchitis  in  guinea-pigs  after  intraperitoneal  infection. 
En  passant  I  should  like  to  point  out  that  here  again  we  have  a 
new  proof  that  suppurative  periorchitis  in  guinea-pigs  is  not  pathog- 
nomonic for  glanders,  as  is  maintained  by  some  authors. 

Although  frequently  the  lesions  have  a  marked  tendency  to  pro- 
gressive development,  they  are  chronic  in  so  far  as  even  the  abscesses 
are  always  surrounded  by  a  considerable  amoimt  of  cicatricial  tissue. 
Individiial  lesions  may  heal  spontaneously,  as  is  well  sho\vn  in  Case  5 
and  in  Rabbit  3  (see  also  Fig.  21).  Sometimes  the  healed,  or  nearly 
healed,  nodules  show  calcification.  But  while  this  healing  tendency 
may  be  well  marked  in  certain  parts  of  the  body,  the  disease  itself 
always  seems  to  progress  to  a  fatal  termination.  At  least  such  has 
been  the  case  in  all  human  cases,  and  in  all  animals  that  were  not 
killed  prematurely  or  were  not  cured  by  surgical  interference  (Dr. 
Rixford's  cases). 

The  histology  of  the  lesions  is  of  the  greatest  interest  from  a  gen- 
eral pathological  standpoint.  In  the  first  place  they  furnish  proof 
that  the  typical  tubercle  (consisting  of  cpitlieliciid  cells  and  a  per- 
ipheral zone  containing  lymphocytes  and  plasma  cells)  with  giant 
cells  of  the  Langhans  type  and  central  caseation,  is  not  absolutely 
characteristic  of  an  infection  with  tubercle  bacilli.  Our  parasite 
in  the  human  being  as  well  as  in  animals  can  produce  lesions  which 
liistologically  cannot  be  in  any  way  differentiated  from  the  nodules 
produced  by  tubercle  bacilli  (see  especially  Fig.  7). 
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In  the  second  place  we  observe  in  this  disease  remarkable  transi- 
tional stages  between  nodular  lesions  on  one  hand,  and  chronic 
miliary  abscesses  on  the  other.  There  are  nodules  with  central 
abscess  formation  (see  Fig.  18)  and  chronic  abscesses  with  central 
caseation  of  their  contents. 

Furthermore,  sometimes  we  find  large  masses  of  fibrous  tissue 
with  numerous  very  large  fibroblasts,  few  leucocytes  and  occasional 
giant  cells  usually  including  one  or  more  of  the  parasites.  These 
masses  in  their  structure  bear  a  certain  resemblance  to  some  tumors 
of  the  class  of  fibrosarcomata  or  fibromyxosarcomata. 

It  may  apj^ear  extraordinary  that  one  parasite  should  be  able  to 
produce  lesions  of  siich  entirely  different  aspect.  A  careful  study 
of  the  tissues,  however,  has  convinced  me  that  these  differences  are 
largely  dependent  on  the  stage  of  development  in  which  the  parasite 
is  present.  The  adult  forms  are  found  in  the  less  acute  lesions, 
whereas  the  abscesses  always  contain  sporulating  forms,  often  in 
very  large  numbers.  A  study  of  the  illustrations  given  by  Rixford 
and  Gilchrist  seems  to  prove  that  this  holds  good  for  their  cases  also. 
It  is  true  that  occasionally  one  finds  a  sporiilating  form  in  a  nodule, 
as  is  represented  in  Fig.  23,  but  in  all  these  instances  the  capsule 
which  surrounds  the  spores  is  intact,  or  seems  to  have  burst  only 
recently.  It  seems  then  that  only  after  the  bursting  of  the  capsule 
the  substances  which  produce  the  suppurative  process  gain  access  to 
the  tissues. 

The  fact  that  the  sporulating  forms  contain  a  substance  which 
has  a  strong  positive  chemotactic  influence  upon  the  polymorpho- 
nuclear leucocytes  is  also  evidenced  by  their  very  frequently  entering 
into  them  soon  after  the  capsule  has  burst,  and  often  collecting  in 
them  in  large  numbers.  In  our  Fig.  16,  a  polymorphonuclear  leuco- 
cyte is  just  entering,  as  it  were,  the  capsule  through  a  small  opening, 
whereas  our  Fig.  13  and  Fig.  8  in  Rixford  and  Gilchrist's  Plate 
XLI  sho\v  empty  cells  full  of  polymorphonuclear  leucocytes.  This 
allows  us  to  understand  also  why  in  Case  3  with  very  rapid  course 
and  much  suppuration  sporulating  forms  were  so  plentiful. 
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That  part  of  the  poisonous  substances  which  are  elaborated  by  the 
parasite  are  absorbed  and  caiise  severe  general  disturbances  in  demon- 
strated by  the  fever  and  the  night-sweats  in  the  human  cases.  It 
even  seems  that  sometimes  the  absorbed  toxins  are  powerful  enough 
to  produce  focal  necroses  in  the  liver,  which  ai'e  so  common  in  other 
infectious  diseases.  At  least  this  is  the  only  interpretation  that  I 
can  give  to  the  peculiar  lesions  which  were  found  in  the  liver  of 
Rabbit  2,  and  are  represented  in  Fig.  15. 

I  am  doubtful  whether  the  slight  diffuse  cirrhotic  changes  in  the 
liver  of  Rabbit  3  are  also  due  to  this  general  intoxication,  or  whether 
they  constitute  an  accidental  complication. 

CONCLUSIONS. 

From  the  preceding  I  derive  the  following  conclusions: 

1.  The  disease  which  formerly  has  been  described  as  a  form  of 
protozoon-infection  is  due  to  an  infection  with  a  pathogenic  fungus. 

2.  The  infection  may  primarily  be  either  a  cutaneous  or  a  pul- 
monary one. 

3.  The  lesions  produced  by  this  fimgus  fall  imder  the  general 
head  of  infectious  granulomata  and  consist  partly  in  nodules  re- 
sembling altogether  those  produced  by  the  tubercle  bacilli  and  partly 
in  chronic  abscesses. 

4.  The  adult  forms  of  the  parasite  ai"e  more  apt  to  produce  nodules, 
the  sporulating  forms  abscesses. 

5.  The  fungus  is  pathogenic  for  dogs,  rabbits  and  giiinea-pigs 
probably  other  animals  also,  and  in  them  produces  lesions  very  similar 
to  those  which  we  encotmter  in  the  human  being  in  this  disease. 

6.  Supurative  periorchitis  in  guinea-pigs  is  not  pathognomonic  for 
glanders. 

In  concluding  I  sliould  like  to  express  my  obligations  to  Dr.  II.  C. 
!Moffitt,  who  gave  me  the  opportunity  to  examine  Case  I,  and  who 
allowed  me  to  make  use  in  this  paper  of  the  first  animal  and  culture 
experiments  which  he  performed  together  with  Dr.  ^lay  Ash. 
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Since  finishing  this  paper  I  have  seen  two  more  cases  of  this  pecu- 
liar aifection.  One  was  the  unpublished  case  of  Drs.  Montgomery 
and  Taylor,  mentioned  at  the  beginning  of  the  paper/"  It  was  a  very 
typical  one  with  primary  cutaneous  lesions  resembling  chronic  hyper- 
trophic lupus.  With  these  lesions  the  patient  suffered  for  a  consid- 
erable time  before  he  died  of  an  acute  generalized  miliary  (pseudo-) 
tuberculosis  produced  by  the  dissemination  of  the  fungi  by  way  of 
the  blood-current.  This  case  closely  resembled  Case  2  of  the  former 
series.  Through  the  courtesy  of  Drs.  Taylor  and  Ryffkogel  I 
was  able  to  investigate  the  case  thoroughly  before  and  after 
death  and  confirm  my  former  findings  in  regard  to  the  nature 
of  the  parasite  and  the  character  of  the  lesions.  The  second  case 
was  more  imusual.  The  patient,  who  was  under  Dr.  Morton's  care 
at  the  German  Hospital  in  San  Francisco,  was  a  Japanese  section 
hand  employed  by  the  Santa  Fe  Railroad.  He  had  a  chronic  ulcer 
of  the  right  foot  just  below  the  ankle  on  the  inside.  It  was  fairly 
regular,  from  3  cm.  to  4  cm.  in  diameter,  and  covered  with  a  thick 
brown  scab.  The  edges  were  very  slightly  elevated  and  reddened,  the 
surrounding  skin  being  perfectly  smooth  and  very  nearly  normal. 
There  was  hardly  any  discharge.  The  femoral  and  inguinal  lymph- 
glands  became  involved,  v.-eve  removed  and  sent  to  me  for  examina- 
tion. They  looked  exactly  like  chronic  tubercular  lymph-glands  with 
very  extensive  dry,  diffuse  caseation.  In  sections  from  these  lymph- 
glands,  which  otherwise  presented  all  the  microscopical  changes  pro- 
duced ordinarily  by  chronic  tuberculosis,  the  parasites  were  dis- 
covered ;  later  they  were  also  demonstrated  in  the  primary  lesion. 
Cultures  in  hanging  drops  were  made  with  the  usual  result.  After 
removal  of  the  original  ulcer  the  patient  was  discharged  in  an  im- 
proved condition  but  not  completely  cured.  There  was  one  fairly 
large  lymph-gland  on  the  right  side  of  the  neck,  the  removal  of  which 
was  deemed  inadvisable.  No  history,  unfortunately,  could  be  ob- 
tained from  the  patient,  who  spoke  Japanese  only. 

The  last  case  is  particularly  interesting  on  account  of  the  unusual 

'"Now  published  I.  c. 
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appearance  of  the  primarv  cutaneous  lesion  and  also  on  account  of 
the  extensive  dry  diffuse  caseation  in  the  extirpated  lymph-glands. 

DETAILED  DESCKIPTION  OF  HUMAIf  CASES  AND  ANIMAL  EXPEEIMEXTS. 

Case  I. — A.  L.,  aged  19  years;  farm  laborer;  born  in  the  Azores. 
Entered  Ward  C,  City  and  County  Hospital,  Januarj-  26,  1900.  Died 
Feb.  6,  1900. 

Pa^t  History. — Unknown. 

Present  Illness. — Began  eleven  weeks  ago  with  a  chill.  Had  been 
riding  in  the  rain  after  cattle.  Went  to  bed,  and  after  a  few  days  left 
{jleura  was  tapped,  and  one  gallon  (  ?)  clear  iluid  obtained.  Had  pain  in 
left  side  and  back.  Three  weeks  after  beginning  of  illness  went  to  St. 
Luke's  Hospital.  There  had  irregular  fever,  at  times  reaching  lO-l.l" ; 
nosebleed.  Abdominal  tenderness;  diazo  reaction  present;  no  Widal 
reaction  (two  examinations).  Leucoc\'tes  7000  in  cmm.  Movements  at 
first  pea-soup-like  in  character,  later  solid.  Dullness  over  left  apex,  later 
at  left  base.  Tapped  January  23,  three  days  before  admission  to  City 
and  County  Hospital,  with  negative  result. 

Four  weeks  before  entrance  (about  January  1)  joint  trouble  began. 
At  first  there  was  pain  below  the  left  patella  along  the  tendon.  One 
week  later  left  knee-joint  swelled.  Then  riglit  knee,  right  shoulder,  both 
elbows  and  wrists  swelled,  and  grew  red  and  tender.  There  were  no 
remissions  of  pain  or  swelling.  For  three  weeks  before  entrance  great 
pain  in  frontal  region,  which  it  was  impossible  to  relieve. 

Profuse  sweating.  A  large  gland  developed  in  left  supraclavicular 
fossa,  a  week  before  entering  City  and  County  Hospital,  also  a  fluctuant 
swelling  over  left  eye.  Cough  with  muco-purulent  and  occasionally  blood- 
streaked  expectoration.    No  tubercle  bacilli  in  sputum. 

Examination  (January  27). — Emaciated,  j'ellowish  pallor,  flushed 
cheeks.  Limbs  helpless,  due  to  swelling  of  joints  and  pain.  I{ight  wrist 
swollen,  red  and  tender.  Right  elbow  and  shoulder  red  and  painful. 
Both  ankles  and  feet  swollen,  tenderness  over  small  bones  of  foot,  marked 
on  the  left.  Both  knees  swollen  and  tender.  Pain  marked  along  patellar 
tendons  and  over  crests  of  tibiae;  evident  periostitis  of  left  tibia,  less 
distinct  on  right.  Over  left  eye  a  fluctuating  swelling,  the  size  of  a 
walnut,  starts  from  frontal  bone  and  is  very  tender  but  not  reddened. 

Long  eyelashes,  pupils  normal.  Tongue  tremulous,  not  much  coated. 
Rales  heard  in  mouth.  Small  glands  in  submaxillary  fossae  and  above 
right  clavicle.    Large  gland  the  size  of  walnut  over  left  clavicle.    Below 
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this,  reaching  downward  to  the  pleural  space,  is  an  abscess  the  size  of  a 
lemon.    General  icterus. 

The  lower  intercostal  spaces  on  both  sides  bulge.  Dullness  above  both 
clavicles,  more  marked  on  left  side.  Dullness  on  right  side  below  clavicle, 
reaching  outward  to  axilla.  Dullness  in  right  axilla.  Lung  almost 
tympanitic  anteriorly  from  1st  to  4th  rib.  Dullness  along  the  4tli  rib; 
deep  liver  dullness  at  5th  interspace.  Left  lung  dull  over  its  entire 
anterior  surface;  absolutely  flat  in  axilla.  On  auscultation  loud  bron- 
chial breathing  at  right  apex;  a  few  rales.  A  few  mucous  rales  at  base. 
On  left  side  bronchial  breathing  at  apex.  Anteriorly  coarse  and  fine,  dry 
and  moist  rales.    Heart  large,  no  alterations  in  sounds. 

Specific  gravity  of  urine  is  1080;  no  albumin;  no  sugar;  indican 
present;  diazo  reaction  present. 

Plantar  reflexes  normal. 

Jan.  31.     Leucocj'tes  17,000  in  cmm. 

Feb.  4.     Slight  chills.    Profuse  sweating. 

Feb.  6.     Large  mucous  rales  at  the  base  of  the  left  lung. 

Tubercle  bacilli  were  not  found  in  spite  of  repeated  examinations  of 
the  sputum.  The  patient  showed  progressive  wasting  and  died  Feb.  6, 
1900. 

The  autopsy,  by  Dr.  Moffitt,  showed: 

Eight  lung:  Irregular,  nodular  consolidations  with  necrotic  centers 
from  the  size  of  a  shot  to  1  cm.  in  diameter.  The  tissue  between  them 
was  in  great  part  atelectatic;  in  the  middle  lobe  were  several  abscesses 
with  thick  abscess-membrane.  Left  lung :  Acute  broncho-pneumonia  and 
chronic  interstitial  pneumonia  with  abscess-formation;  also  nodules  like 
tubercles  as  on  right  side.  There  was  a  large  abscess  partly  in  the 
mediastinum,  partly  in  the  left  lung. 

The  pillars  of  the  diaphragm  were  inflltrated  with  pus,  and  there  were 
necroses  and  abscesses  in  the  retroperitoneal  lymph-glands.  The  right 
pleura  was  free ;  in  the  upper  part  of  the  left  pleura  an  encapsulated  em- 
pyema was  found ;  in  the  lower  part  adhesions. 

The  spleen  was  enlarged  and  softened ;  in  the  pulp  were  some  ill-defined 
yellow  patches. 

The  kidneys  showed  cloudy  swelling;  in  both  of  them  were  miliary 
nodules  with  central  caseation  or  miliary  abscesses  with  thick  abscess- 
membrane.    The  nodules  and  abscesses  were  mostly  in  pyramids. 

In  the  liver  were  cloudy  swelling  and  fatty  infiltration,  but  no  visible 
nodules. 

There  were  purulent  ostitis  and  periostitis  in  the  frontal  bone  over  the 
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left  eye  and  in  the  upper  part  of  the  left  tibia,  and  suppuration  in  the 
affected  joints.     Xeeroses  and  abscesses  in  regionary  lymph-glands. 

Microscopic  Findings. — Lungs  (see  Figs.  2,  3,  4). — Sections  of  the 
lungs  are  full  of  irregular,  miliary  and  larger,  often  conglomerate  nodules. 
Many  of  them  seem  to  have  originated  in  the  perivascular  and  peri- 
broncliial  connective  tissue,  whereas  some  seem  to  have  formed  in  the 
pulmonary  tissue  proper,  but  even  those  which  arise  in  the  peribronchial 
or  perivascular  connective  tissue,  have  pushed  their  way  into  the  adjoin- 
ing pulmonary  tissue.  The  structure  of  the  majority  of  the  nodules  is 
the  following  (Fig.  4)  :  The  air  cells  in  the  affected  area  are  filled  with 
a  cellular  exudate  which  consists  mostly  of  epithelioid  cells  and  lympho- 
cytes imbedded  in  a  meshwork  of  fibrin.  Many  of  the  lymphocytes  show 
the  characteristic  appearance  of  plasma  cells.  Among  the  cells  there  are 
also  a  few  polymorphonuclear  leucocjies.  One  also  finds  large  giant  cells, 
many  of  them  with  a  peripheral  arrangement  of  their  nuclei.  The  centers 
of  the  nodules  often  show  extensive  caseation  (not  present  in  figure) 
with  much  nuclear  debris  in  a  necrotic,  finely  granular  material.  There 
is  a  little,  but  not  much,  fibrin  between  the  cells  and  in  the  caseated  mat- 
ter. In  a  few  places  a  few  connective-tissue  fibrils  can  be  seen  between 
the  epithelioid  cells.  In  other  places  (Fig.  5)  abscess-like  collections  of 
polymorphonuclear  leucocytes  may  be  seen  in  the  middle  of  the  caseous 
areas.  Many  of  the  polymorphonuclear  leucocytes,  especially  those  in 
the  middle  of  the  abscesses,  show  signs  of  beginning  disintegration  (pykno- 
sis,  karyorrhexis) .  In  the  pulmonary  tissue  between  the  nodules  the 
air-cells  are  partly  collapsed,  filled  with  coagulated  oedema  and  large 
desquamated  epithelial  cells  with  some  lymphocytes  and  a  very  few  poly- 
morphonuclear leucoc}i:es.  In  no  place,  even  in  the  nodules  witli  more 
chronic  appearances,  do  the  septa  participate  much  in  the  diseased  proces-s. 
They  usually  show  only  a  moderate  infiltration  with  lymphocjies  aiul 
plasma  cells.  In  a  few  spots  the  lesions  show  a  more  acute  character 
throughout.  In  these  places  all  the  air-cells  are  filled  with  polymorpho- 
nuclear leucocytes,  desquamated  epithelium,  oedematous  exudate  or  a 
little  fibrin.  In  the  middle  of  such  areas  there  is  usually  evidence  of 
beginning  degeneration  and  nuclear  fragmentation  of  the  leucocytes. 

Parasites  are  present  in  large  numbers  in  all  stages  of  development. 
In  the  tubercle-like  nodules  one  finds  mostly  young  and  adult  forms  (see 
Fig.  4),  almost  invariably  enclosed  in  giant  cells.  In  the  abscesses  there 
are  a  very  large  number  of  sporulating  forms  (see  Fig.  8),  with  very 
thick  membranes,  which  are  often  prickly  on  their  outer  surface.  In 
most  of  them  the  spores  have  already  developed  into  young  forms.     In 
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many  places  one  can  see  tliat  the  polymorphonuclear  leucocytes  have 
entered  the  interior  of  the  capsule  in  which  the  spores  lie  through  the 
opening  formed  by  its  bursting. 

The  tissue  is  in  a  bad  state  of  preservation.  Everywhere  one  finds 
verv  many  large  bacilli  in  chains,  resembling  morphologically  anthrax 
bacilli.  They  do  not  show  any  constant  relation  to  the  lesions  in  their 
position,  and  are  most  abundant  in  the  blood-vessels  so  that  one  seems 
justified  in  assuming  that  they  are  organisms  of  putrefaction  (they  did 
not  develop  in  any  of  the  cultures).  Mycelia  were  not  found  in  any 
place. 

Kidneys  (Figs.  5  and  6). — Very  many  miliary  and  submiliary  chronic 
abscesses  are  present.  The  contents  of  the  abscess-cavities  consist  of  poly- 
morphonuclear leucocytes,  some  lymphocytes,  and  a  considerable  number 
of  epithelioid  cells.  Around  the  abscess  cavities  there  are  layers  of  granu- 
lation tissue  with  many  epithelioid  cells,  more  peripherally  lymphoc3i;es 
(mostly  plasma  cells).  Giant  cells  are  present,  but  are  not  very  numerous. 
The  largest  abscesses  show  central  necroses.  In  these  necrotic  areas  dead 
polymorphonuclear  leucocytes,  etc.,  are  fused  together  into  a  dense  granu- 
lar substance  which  resembles  very  much  caseous  material,  and  is  full  of 
nuclear  debris.  In  other  places  (Fig.  6)  there  are  more  tubercle-like 
nodules,  which  consist  largely  of  epithelioid  cells.  In  the  periphery  of 
these  nodules  one  finds  many  lymphocytes  and  plasma  cells.  There  may 
be  some  giant  cells  and  in  spots  beginning  caseation.  Extensive  necroses 
are  seen  in  the  epithelial  cells  of  the  convoluted  tubes  and  ascending  loops 
of  Henle. 

Parasites  are  numerous,  and  are  found  in  all  stages  of  development. 
In  the  middle  of  the  abscesses  there  are  many  sporulating  forms  (Fig.  5) 
or  spore  membranes  enclosing  many  young  parasites.  No  other  bacteria, 
no  mycelium. 

Liver  (Fig.  7). — Tery  small  submiliary  nodules,  which  consist  largely 
of  epithelioid  cells  and  lymphocytes  (many  plasma  cells)  occur.  The 
l}'mphocytes  and  plasma  cells  are  mostly  in  the  periphery  of  the  nodules. 
Among  the  epithelioid  cells  one  may  find  a  few  large  giant  cells  of  Lang- 
hans'  t}'pe.  The  centers  of  the  nodules  are  often  caseated.  Moderate  num- 
bers of  young  and  adidt  parasites  appear,  almost  invariably  in  giant  cells. 
In  a  few  of  the  nodules  sporulating  forms,  surrounded  by  a  small  gather- 
ing of  polymorphonuclear  leucocytes,  are  encountered.  No  other  bacteria, 
no  mycelium. 

Spleen  (Fig.  8). — Many  submiliar}-  abscesses  with  some  epithelioid  cells 
in  the  periphery  are  present.     In  some  of  them  are  apparent  central 
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necrosis  and  formation  of  granular  or  fibrinous  deposits  with  much 
nuclear  debris.     Many  spornlating  forms  are  seen  in  abscesses.     In  a  few  • 
spots  are  tubercle-like  nodules  consisting  of  epithelioid  cells,  lymphocytes, 
and  giant  cells,  and  containing  a  few  young  or  adult  forms.     No  other 
bacteria,  no  mycelium. 

Stomach. — Some  atrophy  of  mucous  membrane,  superficial  (post-mor- 
tem) necrosis,  otherwise  normal. 

Sections  from  all  organs  were  stained  for  tubercle  bacilli  and  carefully 
searched  for  them,  but  with  negative  result. 

Parasites  were  also  found  in  abundance  in  the  pus  from  the  abscess 
over  the  left  eye.  Here  they  were  associated  with  staphylococci  and 
streptococci.  In  the  left  pleura  (empyema)  they  were  also  present  in 
large  numbers  together  with  pseudo-diphtheria  bacilli. 

Case  II  (Service  of  Dr.  Hirschfelder) . — G.  B.,  German,  admitted 
May  8,  1900,  from  County  Jail  Xo.  2. 

In  spite  of  all  endeavors  it  has  not  been  possible  to  obtain  any  infor- 
mation in  regard  to  his  former  history. 

Patient  entered  hospital  in  an  unconscious  condition,  breathing  ster- 
torously.  Pupils  small,  reacting  equally  to  light.  Head  turned  to  right. 
Slight  paresis  of  muscles  of  right  side  of  face,  iluscles  of  e.xtremities 
rigid.  Xo  pulmonary  dullness.  Outline  of  cardiac  dullness  normal; 
tones  clear;  pulse  full,  regular,  96.  Respirations  40.  Sensation  evi- 
dently not  impaired.  When  forehead  is  pricked  with  pin  patient  slowly 
raises  hand  to  head.  With  exception  of  paresis  of  right  side  of  face,  no 
paralysis  or  paresis  can  be  made  out.  Voids  urine  and  feces  involun- 
tarily. Urine  removed  by  catheterization.  Acid,  no  albumin,  no  sugar, 
no  diazo-reaction,  no  indican. 

May  9.  Patient  somewhat  brighter.  Evidently  imderstands  what  is 
said.  Puts  out  his  tongue  slowly  when  told;  closes  and  opens  his  eyes 
when  told.     Drinks  when  cup  is  held  to  his  lips. 

May  10.     Condition  unchanged.     No  dullness  over  lungs. 

May  11.     Condition  about  the  same.     Patient  still  unable  to  speak. 

May  12.     Same. 

May  13.     Same. 

May  14.     Patient  died  at  8.40  P.  M. 

Autopsy  Record. — 9G.  G.  B.  Aged  50  years.  Laborer.  German. 
Died  May  14,  1900,  2.40  P.  M.     Autopsy  May  16,  1900,  3  P.  M. 

Moderately  strongly  built,  fairly  well  nourished  man.  No  enlarge- 
ment of  superficial  lymph-glands.     Abdomen  moderately  distended.     No 
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lesion  on  external  genitalia.  Diffuse  brown  discoloration  of  the  skin. 
Slight  cyanosis  of  both  ears.  Beginning  green  discoloration  of  abdom- 
inal wall.  A  few  drops  of  slightly  bloody  fluid  in  recto-vesical  pouch. 
Diaphragm,  5th  rib  on  both  sides.  Thorax  well  arched,  symmetric.  A 
few  drops  of  slightly  bloody  fluid  in  right  pleural  cavity.  Both  layers 
of  the  pericardium  attached  to  one  another  by  moderately  firm  adhesions ; 
pericardial  space  entirely  obliterated. 

Heart. — Post-mortem  clot  in  pulmonary  artery.  Valves  normal  on 
both  sides;  slight  atheroma  of  aorta.  Cavities  of  heart  normal  size. 
Muscle  soft  and  flabby.  At  the  base  of  the  heart  the  pericardium  is 
much  thickened.  In  spots  the  newly  formed  cicatricial  tissue  is  infil- 
trated with  a  little  purulent  fluid.  In  other  places  there  are  a  few,  just 
visible,  greyish-white  or  yellow  nodules. 

Lungs. — A  few  string}'  adhesions  at  the  apex  of  the  left  limg.  Pleura 
over  left  lung  otherwise  normal.  The  lung  itself  is  a  little  cyanotic. 
There  is  a  little  emphysema  along  the  free  margin.  A  little  muco-pus 
in  bronchial  tubes.  The  mucous  membrane  of  the  bronchi  is  slightly 
reddened.  At  the  apex  near  the  adhesions  there  is  a  small  black  scar. 
Slight  thickening  of  pleura  at  right  apex.  Otherwise  right  lung  same 
as  left. 

Spleen. — A  little  large,  13  x  11  x  4.5  cm.  It  is  soft.  The  cut  surface 
has  a  brick-red  color  and  the  markings  are  indefinite. 

Both  adrenals  normal. 

Left  kidney  a  little  large.  Surface  studded  with  greyish-white  sub- 
miliary  nodules.  The  nodules  are  solid  and  some  of  them  are  sur- 
rounded by  a  hypersemic  zone.  A  few  similar  nodules  in  cortex  on 
cut  surface.  Pelvis  of  kidney  normal.  Eight  kidney  is  in  the  same 
condition  as  the  left  one. 

Appendix  is  of  normal  caliber  and  length.  It  is  found  curled  up  in 
a  little  peritoneal  pouch,  which  is  situated  on  the  median  side  of  coecum, 
directly  under  the  lower  end  of  the  ileum  and  within  the  mesentery.  This 
pouch  is  completely  shut  off  from  the  rest  of  the  peritoneal  cavity  by  a 
thin  transparent  membrane.  The  sigmoid  flexure  is  fastened  to  the 
brim  of  the  pelvis  by  some  white  stringy  adhesions. 

A  little  turbid  urine  was  foimd  in  the  bladder. 

Bladder,  prostate,  seminal  vesicles,  rectum,  right  testis  normal. 

No  enlargement  of  mesenteric  glands. 

Bile-duct  is  open. 

A  little  dark  brown  mucus  in  stomach.  Extensive  post-mortem  diges- 
tion in  fundus.     Atrophy  of  mucous  membrane  in  pyloric  region. 

Pancreas  normal. 
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Liver  very  much  decomposed  and  full  of  gas  bubbles.  Gall-bladder  and 
contents  normal. 

Thick  white  coating  on  upper  surface  of  tongue. 

Pharynx  filled  with  mueo-pus.     Tonsils  slightl}'  enlarged. 

Oesophagus,  larynx,  trachea,  thyroid,  thoracic  aorta  normal. 

Some  of  peribronchial  lymph-glands  are  enlarged  and  show  numerous 
black  spots  on  cut  surface. 

Longitudinal  sinus  contains  a  few  post-mortem  clots. 

Much  oedematous  fluid  and  gas  in  pia  mater. 

Venous  sinus  at  basis  of  skull  normal. 

The  pia  mater  at  the  basis  of  the  brain  and  more  especially  in  the 
Sylvian  fissures  is  diffusely  infiltrated  with  pus  and  full  of  submiliary 
yellow  nodules.  Large  numbers  of  similar  nodules  are  found  at  the 
bottom  of  the  longitudinal  fissure  of  the  brain.  A  little  turbid  fluid 
in  both  lateral  ventricles.  On  both  sides  of  the  septum  the  ependyma  is 
studded  with  just  visible,  translucent,  greyish-white  nodules.  The  sub- 
stance of  brain  is  a  little  oedematous  and  anaemic,  otherwise  apparently 
normal. 

Anatomical  Diagnosis. — Small  scars  in  both  apices  of  lungs.  Pleuritic 
adhesions.  Purulent  infiltration  and  (pseudo)  tuberculosis  of  pericardium 
at  basis  of  heart.  Chronic  pericarditis  with  complete  obliteration  of 
pericardium.  (Pseudo)  tuberculosis  of  meninges,  spleen  and  both  kid- 
neys.    Ependj-mitis  chronica  nodosa. 

Microscopic  Findings. — Brain  (basis,  Figs.  9  and  10). — Pia  mater  very 
much  thickened,  hyperaemic ;  it  contains  many  small  abscesses.  Most  of 
them  are  more  or  less  spherical,  others  more  irregular  in  form.  At  their 
central  portions  one  finds  irregular  masses  consisting  of  fibrin,  fragments 
of  nuclei,  bodies  and  fragments  of  small  round  cells,  some  intact  and 
some  broken-down  blood-corpuscles,  a  few  intact  cells,  most  of  which  are 
polymorphonuclear  leucocytes.  Further  outwards  follows  a  zone  in  which 
there  is  less  fibrin,  forming  long  slender  fibers  woven  into  a  delicate  net- 
work. In  the  meshes  are  many  polymorphonuclear  leucocytes  and  a  few 
lymphocytes.  In  the  periphery  of  the  abscesses  one  encounters  mostly 
Ij'mphocytes,  many  plasma  cells  and  large  mononuclear  cells,  which  often 
enclose  in  their  bodies  lymphocytes,  or  one  or  more  of  the  few  polymorpho- 
nuclear leucocytes  which  are  also  present.  Other  cells  of  this  kind  are  very 
large  and  have  a  vacuolated  appearance,  very  much  as  if  they  had  been 
loaded  with  fat.  There  is  no  evidence  of  a  formation  of  connective-tissue 
fibers  between  the  large  mononuclear  cells.  In  some  abscesses  one  finds 
large  giant  cells,  some  of  whicli  are  of  the  Langhans  type,  whereas  in  other 
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cells  the  nuclei  are  situated  in  the  center.  In  a  few  spots  the  character  of 
the  lesion  differs  from  what  has  just  been  described.  In  these  places  one 
finds  nodules  consisting  almost  entirely  of  large,  more  or  less  irregular, 
mononuclear  cells,  with  lymphocytes  and  plasma  cells.  The  center  of 
them  is  frequently  necrotic.  These  nodules,  which  resemble  very  much 
recent  tubercles,  sometimes  contain  giant  cells.  The  tissue  between 
nodules  and  submiliary  abscesses  contains  much  fibrin ;  in  many  places 
there  are  haemorrhages.  It  shows  a  diffuse  irregular  infiltration  with  all 
the  different  form  of  cells  mentioned,  with  the  exception  of  giant  cells. 
The  blood-vessels  are  hypersmic;  the  smaller  ones  show  marked  mar- 
ginal disposition  of  leucocytes.  A  few  smaller  ones  are  obliterated  by 
thrombosis.  The  thrombi  contain  many  leucocytes  of  different  forms. 
Smaller,  not  occluding,  thrombi  of  a  similar  kind  are  present  in  some  of 
the  larger  blood-vessels. 

The  parasites  can  be  found  in  the  abscesses  and  nodules,  but  they  are 
present  in  small  numbers  only — apparently  one  or  two  in  each  abscess  or 
nodule.  In  most  cases  one  finds  empty  shells;  in  other  instances  are 
found  sporulating  forms  with  many  oval  spores  in  a  thick  double-con- 
toured membrane.  The  spores  stain  hardly  at  all  with  any  of  the  dyes 
that  wei-e  used  (hematoxylin,  eosin,  methylene  blue,  Yan  Gieson's  stain, 
carbolfuehsin).  Spore-like  bodies  may  also  occasionally  be  found  in  the 
surroundings  of  an  empty  burst  shell.  Quite  often  these  empty  shells  are 
filled  with  leucocytes,  mostly  polymorphonuclear  forms.  Only  rarely  one 
finds  young  forms.     The  parasites  are  often  enclosed  in  giant  cells. 

No  tiiherde  la-ciUi  nor  any  other  bacteria  are  found. 

Testicle. — No  changes. 

Spleen. — Slight  brown  pigmentation.  Pulp  rich  in  large  mononuclear 
cells  and  plasma  cells.  In  one  Malpighian  body  is  a  submiliary  nodule 
consisting  of  epithelioid  cells. 

Kidney. — The  nodules  consist  of  a  peripheral  layer  of  connective  tis- 
sue. Inside  of  this  layer  of  connective  tissue  there  is  a  layer  of  tissue 
consisting  mostly  of  large  irregular  mononuclear  cells,  and  also  some  capil- 
laries. The  rest  of  the  cells  are  lymphocytes  and  plasma  cells.  In  this 
layer  there  are  several  giant  cells  mostly  of  the  Langhans  type.  The 
center  of  the  nodule  is  formed  by  a  necrotic  mass,  in  the  periphery  of 
which  one  can  recognize  the  former  structures  in  outline.  The  center  is 
structureless  and  finely  granular.  In  parts  of  the  necrotic  material  one 
finds  irregular  fragments  of  nuclei.  Almost  all  epithelial  cells  in  the 
convoluted  tubules  and  in  descending  loops  of  Henle  are  necrotic. 

Stomach. — Marked  atrophy  of  mucous  membrane  and  necrosis  of 
upper  layer. 
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Pericardium  at  basis  of  the  heart  (Fig.  7). — Marked  thickening  of 
both  layers  by  development  of  fibrous  tissue.  Between  the  basis  of  the 
aorta  and  the  thickened  pericardium  there  are  isolated  nodules  which 
resemble  very  much  tubercles.  They  also  occur  in  small  groups.  They 
consist  of  epithelioid  cells  and  hTnplioc}i:es.  The  l}Tnphocytes  are  more 
numerous  in  the  periphery  and  many  of  them  have  the  appearance  of 
plasma  cells.  Among  the  epithelioid  cells  there  are  large  giant  cells  of 
the  Langhans  t\'pe.  Some  of  the  nodules  show  central  caseation,  in 
others  a  fine  reticulum  of  connective-tissue  fibers  is  visible  between  the 
epithelioid  cells.  In  one  spot  the  center  of  a  small  nodule  is  completely 
disintegrated,  and  the  space  produced  by  the  destruction  of  the  tissues 
is  filled  in  with  polymorphonuclear  leucocytes  and  some  hTnphocytes. 
Between  the  nodides  and  outwards  from  them  there  is  a  very  thick  layer 
of  dense  scar  tissue,  in  which  there  are  a  considerable  number  of  "'•'  Mast- 
zellen."  In  the  neighborhood  of  the  pulmonary  artery  the  vasa  vasorum 
are  surrounded  by  a  cellular  tissue  consisting  largely  of  lymphocytes  and 
fibroblasts.  A  small  vein  which  runs  through  the  granulation  tissue  is 
partly  obstructed  by  a  thrombus  which  contains  many  polymorphonuclear 
leucocytes.     Xo  parasitic  organisms  in  thrombus. 

Parasites  are  found  in  considerable  number  in  nodules  at  the  basis  of 
the  aorta,  mostly  young  and  adult  forms ;  in  places  where  a  healing  ten- 
dency is  marked  one  often  finds  empty  shells.  Xo  sporulating  forms 
were  seen.  Xo  tubercle  bacilli  and  no  other  bacteria  except  clumps  of 
short  pole-staining  bacilli  in  some  of  the  blood-vessels.  Xo  parasites  in 
the  granulation  tissue  in  the  adventitia  of  the  pulmonary  artery. 

Lungs. — A  section  from  a  small  scar  near  the  apex  of  one  lung  contains 
a  thick  mass  of  scar  tissue  with  hyalin  degeneration  and  central  necrosis; 
no  parasites;  clumps  of  bacilli  in  some  of  the  blood-vessels.  A  section 
from  the  lower  lobe  shows  hyperemia  and  partial  collapse.  Bacilli  in 
bronchioli  and  in  some  of  the  blood-vessels. 

In  a  section  from  a  large  sear  the  pulmonary  tissue  is  entirely  col- 
lapsed ;  septa  somewhat  thickened  by  formation  of  granulation  tissue  in 
them;  many  giant  cells  in  collapsed  air  spaces.  Large  areas  of  granula- 
tion and  cicatricial  tissue.  In  granulation  tissue  nodules  of  epithelioid 
cells  with  giant  cells;  some  show  central  caseation.  In  one  nodule  com- 
plete disintegration  of  center  with  formation  of  small  cavity  wiiieh  is 
filled  with  albuminous  detritus  and  nuclear  debris. 

Parasites  (adult  forms  and  empty  shells)  in  nodules;  no  sporulation 
forms;  no  tubercle  bacilli  or  other  bacteria. 

Appendix. — Atrophy  of  mucous  membrane.  Thickening  and  indura- 
tion of  submucosa. 
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Gui>-EA-PiG  No.  1  (Drs.  Moffitt  and  Ash).     Feb.  7,  1900. 

Piece  of  lung  inserted  under  skin.  Killed  April  20.  At  the  point  of  inoc- 
ulation a  thick  scar  had  developed.  In  the  scar  there  were  a  few  just  visible 
yellow  spots,  and  in  them  a  few  adult  forms  of  the  protozoon-like  bodies  were 
found.     No  lesions  in  regionary  lymph-glands  or  internal  organs. 

Gui>-EA-piG  No.  2,  male  (Drs.  Moffitt  and  Ash).     February  10,  1900. 

Particles  of  lung  of  Case  I  suspended  in  normal  salt-solution  injected  into 
peritoneal  cavity;  about  end  of  second  week,  the  animal  shows  loss  of  cus- 
tomary activity.  On  or  about  February  26.  animal  showed  a  well-marked 
orchitis  and  swelling  at  the  site  of  inoculation,  with  gradual  emaciation.  The 
guinea-pig  was  killed  with  chloroform  on  March  2. 

Findings  at  Autopsy. — Suppuration  around  both  testicles;  enlargement  and 
inflammation  of  inguinal  glands;  white  miliary  and  submiliary  nodules  in 
spleen,  diaphragm  and  lungs.  Fresh  specimens  from  the  different  organs 
showed  the  protozoon-like  bodies  in  different  stages  of  development;  no  my- 
celia.  Cultures  from  pus  near  testicle  and  cultures  from  the  abdominal  cavity 
gave  the  same  mould  that  had  been  recovered  from  pleura  and  spleen  of 
Case  I.    A  culture  from  the  blood  remained  sterile. 

Result  of  microscopic  examination: 

Lungs. — Large  areas  in  which  the  septa  are  moderately  thickened  by  an 
infiltration  with  lymphocytes  (mostly  plasma  cells).  The  air-spaces  are 
partially  collapsed.  They  contain  enlarged  and  desquamated  epithelial  cells, 
some  giant  cells,  in  spots  a  few  polymorphonuclear  leucocytes  and  a  little 
fibrin.  Parasites  were  present  in  moderately  large  number,  mostly  mature 
forms.     A  few  sporulating  forms  and  some  burst  spore  shells. 

Inguinal  Gland. — No  changes. 

Kidney. — No  changes. 

Spleen. — In  the  capsule  small  nodules  consisting  of  cicatricial  tissue  with  a 
few  plasma  cells  in  the  periphery.     Many  adult  forms  in  this  tissue. 

Heart. — A  small  thrombus  between  trabeculae  carneae  at  the  bottom  of  the 
left  ventricle.  In  spots  the  thrombus  shows  irregular  groups  of  polymorpho- 
nuclear leucocytes. 

Cerebrum  and  cerehellum  normal. 

Testicle. — On  the  surface  of  the  testicle  has  been  formed  an  irregular  thick 
layer  of  a  rather  cellular  cicatricial  tissue,  in  which  there  are  few  capillaries. 
In  it  there  are  small  irregular  patches  of  more  cellular  tissue.  In  spots  these 
patches  consist  of  epithelioid  cells  and  contain  giant  cells  of  the  Langhans 
type;  in  short,  they  resemble  very  much  tubercles  (Fig.  11).  Sometimes 
giant  cells  containing  parasites  are  directly  imbedded  in  the  cicatricial  tissue. 
In  most  places,  however,  there  are  smaller  and  larger  irregular  abscesses 
which  are  in  great  part  filled  with  polymorphonuclear  leucocytes,  and  sur- 
rounded by  a  thin  layer  of  epithelioid  cells.  Parasites  are  present  in  large 
number.  The  young  and  adult  forms  are  mostly  enclosed  in  the  giant  cells  in 
tubercles  and  cicatricial  tissue.  Sporulating  forms  are  found  in  the 
abscesses.  The  old  sporulating  forms  have  a  rough  outer  surface.  The 
minute  irregular  projections  which  one  finds  on  their  outside  stain  with 
Gram's  method. 
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Diaphragm. — Large  nodules  on  lower  surface.  Nodules  consist  largely  of 
fibroblasts  with  small  strands  of  connective-tissue  fibrils  between  them.  In 
spots  there  are  groups  of  plasma  cells.  In  one  place  there  is  a  small  nodule 
that  consists  almost  entirely  of  fusiform  cells  with  radial  arrangement.  The 
center  of  the  nodule  is  formed  by  a  sporulating  form  in  which  the  spores  are 
almost  ready  formed.  In  the  fibrous  tissue  there  are  many  adult  pai-asites. 
mostly  enveloped  by  a  thin  protoplasmic  layer  of  large  connective-tissue  cells 
which  frequently  have  several  nuclei.     Large  typical  giant  cells  are  scarce. 

Gdinea-pig  No.  3,  male.     March  2,  1900. 

Inoculated  with  the  pus  from  one  of  the  testicles  of  Guinea-pig  2,  intraperi- 
toneally.  In  ten  days  there  developed  swelling  of  the  testicles,  later  the  symp- 
toms subsided  somewhat.  The  animal  was  killed  April  7.  with  chloroform, 
and  presented  similar  but  more  extensive  lesions  than  the  second  guinea-pig. 
In  addition  to  the  nodules  in  spleen,  diaphragm  and  lungs  there  were  others 
in  the  peritoneum  near  the  point  of  injection.  The  omentum  was  rolled  up 
and  transformed  into  a  mass  of  hard  white  tissue  with  just  visible  yellow  dots 
in  it.  Again  the  microscopic  examination  of  fresh  specimens  showed  the 
protozoon-like  bodies  in  pure  culture,  but  no  mycelia,  and  tubes  inoculated 
from  testicle  and  omentum  developed  pure  cultures  of  the  mould. 

Microscopic  Examination. — Omentum  is  attached  to  pancreas  by  thick  layer 
of  dense  cicatricial  tissue.  The  omentum  itself  is  transformed  into  an  irregu- 
lar mass  of  cicatricial  tissue,  which  contains  numerous  abscesses.  The  cica- 
tricial tissue  is  rich  in  cells;  the  majority  of  them  are  fusiform  or  more  or  less 
star-shaped  connective-tissue  cells.  Between  the  cells  there  are  bunches  of 
connective-tissue  fibrils.  There  are  also  many  large  polynuclear  giant  cells 
present,  most  of  them  of  the  Langhans  type.  In  addition  one  finds  a  consid- 
erable number  of  lymphocytes.     Apparently  no  capillaries. 

The  abscesses  are  filled  almost  entirely  with  polymorphonuclear  leucocytes, 
but  there  are  a  few  lymphocytes  and  a  few  irregular  epithelioid  cells  in  them. 
Of  the  latter  there  is  a  thin  layer  on  the  wall  of  the  abscesses.  In  the  centers 
of  some  of  the  abscesses  one  observes  beginning  disintegration  of  the  polymor- 
phonuclears, and  beginning  formation  of  fibrin. 

Parasites. — Many  young  and  adult  forms  are  scattered  through  the  cicatricial 
tissue,  all  enclosed  in  giant  cells.  Several  show  evidence  of  degeneration — a 
small  amount  of  protoplasm,  partial  collapse  of  membrane  (Fig.  17)  and 
vacuolization.  In  the  abscesses  are  only  a  few  young  and  adult  forms,  but 
many  burst  spore  shells.  Of  five  sporulating  forms,  four  were  situated  in 
abscesses.  In  those  in  which  the  spore  membrane  had  burst,  polymorphonu- 
clear leucocytes  have  penetrated  into  the  interior.  In  the  sporulating  form, 
which  was  not  in  an  abscess,  the  protoplasm  had  divided,  but  the  spores  were 
not  ready  formed  and  the  membrane  was  unopened.  The  small  portions  of 
protoplasm  out  of  which  the  spores  later  form,  stain  very  well,  the  spores 
themselves  very  badly,  or  not  at  all.     No  other  bacteria,  no  mycelium. 

The  lesions  in  and  around  the  testicle  (Figs.  12,  13,  14,  Ifi,  17)  have  very 
much  the  same  microscoi)ic  appearance  as  those  found  In  the  omentum.  The 
amount  of  suppuration  is  a  little  larger,  and  there  is  more  evidence  of  de- 
struction  of  polymorphonuclear   leucocytes   in   the   middle  of   the   abscesses. 
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There  is  also  a  considerable  amount  of  fibrin  in  these  necrotic  areas.  Several 
sponilating  forms  and  many  burst  shells  are  found  in  the  abscesses.  In  the 
granulation  and  cicatricial  tissue  around  the  abscesses  are  several  young  and 
several  adult  forms  (some  of  them  in  a  degenerated  condition)  in  giant  cells. 

Adrenal. — Normal. 

Liver. — In  one  spot  is  a  very  small  nodule  in  the  periportal  connective  tissue. 
The  nodule  consists  of  fibroblasts  and  lymphocytes.  There  is  one  giant  cell 
in  it.  Xo  parasites.  A  complete  series  of  sections  from  the  nodule  was. 
however,  not  obtained. 

Lung. — A  few  small  patches  in  which  the  septa  are  thickened  by  an  infiltra- 
tion with  lymphocytes  (mostly  plasma  cells)  and  fibroblasts.  The  air-spaces 
are  collapsed.  The  epithelium  is  swollen  and  partly  desquamated.  In  one  of 
the  air-cells  several  young  parasites  in  a  giant  cell. 

Diaphragm. — On  lower  surface  a  small  nodule  consisting  of  fibroblasts  and 
mostly  plasma  cells.     No  parasites  found  (not  a  complete  series). 

Kidneys  and  pancreas  normal. 

Spleen. — One  very  small  nodule  consisting  largely  of  epithelioid  cells.  It 
contains  a  few  polymorphonuclear  leucocytes  and  giant  cells.  No  parasite 
found  (not  a  complete  series).  In  fresh  specimens,  however,  a  few  adult 
forms  were  demonstrated. 

GUIXE.VPIG  No.   4. 

About  1  c.cm.  of  a  suspension  of  a  third  generation  from  a  pure  culture  of 
the  mould  on  agar-agar  was  injected  into  the  peritoneal  cavity.  The  culture 
had  been  growing  a  comparatively  short  time  only.  The  guinea-pig  was  killed 
about  four  weeks  later.     No  lesions  were  found  at  the  autopsy. 

GnxEA-piG  No.  5.     October  23,  1900. 

An  emulsion  from  a  pure  culture  of  the  mould,  which  contained  many 
spores,  was  injected  subcutaneously.  On  November  2,  marked  swelling  at  the 
point  of  injection  with  central  ulceration  was  noted.  The  ulcer  was  covered 
with  a  thick  brown  scab,  underneath  which  there  was  a  considerable  accumu- 
lation of  thick  creamy  pus.  Killed  December  7,  1900.  The  condition  had  not 
changed  materially.     There  was  little  loss  of  weight. 

At  the  postmortem,  which  was  performed  immediately,  a  small  ulcer  was 
found  at  the  point  of  inoculation,  which  was  covered  by  a  thick  brown  scab. 
Underneath  the  scab  there  was  a  small  accumulation  of  thick  creamy  pus. 
The  bottom  of  the  ulcer  was  formed  by  a  thin  layer  of  red  granulation  tissue. 
Underneath  the  granulation  tissue  there  was  some  white  cicatricial  tissue.  The 
muscles  of  the  abdominal  wall  were  not  involved  in  the  process.  The  inguinal 
glands  were  enlarged  on  the  left  side  (side  of  inoculation).  The  largest  one 
had  the  size  of  a  small  split-pea.  In  the  center  of  this  Jymph-gland  there  was 
a  comparatively  large  abscess-cavity  which  was  filled  with  thick,  light-yellow 
purulent  material.     In  one  place  the  abscess  had  perforated  through  the  skin. 

Spleen. — Slightly  enlarged. 

A  few  just  visible  nodules  in  the  lungs. 

The  other  organs  did  not  show  any  microscopic  changes. 

In  the  pus  from  the  ulceration  a  large  number  of  protozoon-like  bodies  in 
different  stages  of  development  were  found  during  the  lifetime  of  the  animal 
and  also  at  the  postmortem.     Mycelia  were  not  present. 
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Gri>EA-PiG  No.  6.     October  23,  1900. 

Inoculated  with  the  same  emulsion  intraperitoneally. 

November  2.  Marked  swelling  of  both  testicles  with  reddening  of  the  skin 
over  them.  The  animal  was  killed  on  December  2.  At  the  point  of  injection 
a  small  ulcer  had  formed,  from  which  there  was  a  scanty  purulent  discharge. 

The  tissues  around  the  ulcer  were  transformed  into  a  hard,  partly  greyish- 
white,  partly  yellowish  mass.  The  change  extends  down  to  the  peritoneum, 
which  over  the  diseased  area  in  the  abdominal  wall  is  considerably  thickened, 
white  in  color  and  retracted  in  the  form  of  a  star-shaped  scar.  In  the  parietal 
peritoneum  there  are  several  projecting  yellowish-white  nodules.  The  largest 
one  has  the  size  of  a  millet-seed.  The  peritoneum  near  these  nodules  shows  a 
white  discoloration.  Numerous  nodules  and  extensive  diffuse  infiltrations  are 
found  in  the  diaphragm.  One  nodule  with  a  small  central  defect  is  situated 
at  the  apex  of  the  bladder. 

The  omentum  is  retracted  and  forms  a  thick,  irregular,  hard,  nodular  mass 
along  the  larger  curvature  of  the  stomach.  On  the  left  side  it  adheres  to  the 
abdominal  wall.  On  cross  section  one  finds  in  the  partly  white,  partly  greyish 
tissue  many  submiliary  abscesses. 

The  spleen  is  adherent  to  posterior  abdominal  wall  and  laterally  to  the 
omentum.     It  is  slightly  enlarged  and  contains  a  few  submiliary  nodules. 

In  both  kidneys  there  are  a  few  greyish-white  nodules. 

Both  testicles  are  about  three  times  the  normal  size,  and  adherent  to  the 
skin.  In  front  between  testes  and  skin  there  are  large,  irregular  abscess- 
cavities  which  are  filled  with  thick  creamy  pus.  On  the  left  side  the  abscess 
has  perforated.  The  testicular  tissue  is  almost  completely  destroyed.  In  its 
place  one  finds  greyish-white  granulation  and  white  cicatricial  tissue. 

In  the  liver  there  are  a  few  nodules.  The  largest  ones  have  the  size  of  a 
millet-seed  and  show  a  central  yellow  discoloration.  Many  submiliary  grey 
nodules  in  the  lungs. 

Heart  normal. 

A  few  small  nodules  in  the  pancreas. 

On  both  sides  of  the  spinal  column  there  is  a  thick  layer  of  granulation  and 
cicatricial  tissue  in  and  underneath  the  peritoneum. 

One  inguinal  gland  on  the  opposite  side  from  the  point  of  injection  is 
slightly  enlarged. 

Protozoon-like  bodies  were  found  in  fresh  specimens  from  the  nodules  and 
the  abscesses.    No  mycelia. 

Rabbit  No.  1,  large  male.    March  21,  1900. 

Into  vein  of  ear  was  injected  .75  c.cm.  of  a  milky  suspension  of  a  pure 
culture  grown  on  sugar-agar-agar  (27c  glucose)  with  contained  very  many 
spores. 

May  5.    Rabbit  much  emaciated,  very  weak.    Killed. 

Very  many  submiliary  white  nodules  in  lungs,  a  few  just  visible  nodules  in 
spleen  and  kidneys. 

Microscopic  Examination. — Liver. — Very  few,  very  small  nodules  consisting 
of  epithelioid  cells  and  lymphocytes  with  central  giant  cells.  The  nodules  are 
situated  in  the  periportal  connective  tissue. 


W.  Ophiils  "  '  479 

Kidney  (Fig.  22).— Submiliary  nodules  in  which  there  is  a  gathering  of  epi- 
thelioid cells,  some  polymorphonuclear  leucocytes  and  plasma  cells  in  the 
spaces  between  the  uriniferous  tubules.  Some  such  cells  are  also  found  inside 
of  some  of  the  tubules.  In  the  center  of  the  nodules  the  epithelial  cells  fill  the 
lumen  of  the  tubules  completely  and  fuse  together  into  large  multinucleated 
protoplasmic  masses.  In  some  of  these  latter  some  of  the  nuclei  have  under- 
gone degenerative  changes;  they  shrink,  become  irregular  in  outline  and 
stain  very  intensely  throughout  (pyknosis).  Nevertheless  they  show  a  well- 
marked,  very  deeply  staining  nucleolus.  The  diseased  areas  are  always  situ- 
ated near  a  small  artery.  There  is  a  slight  production  of  connective-tissue 
fibrils  in  them;  no  sign  of  caseation  or  suppuration.  In  some  of  the  tubules 
one  finds  casts  containing  remnants  of  polymorphonuclear  leucocytes  and 
epithelioid  cells.  The  nodules  contain  many  young  and  adult  parasites.  Spor- 
ulating  forms  were  not  found  in  spite  of  careful  examination  of  many  sections, 
and  fresh  teased  specimens.  The  protoplasm  of  most  of  the  parasites  is  finely 
vacuolated.  Their  membrane  is  exceptionally  thin.  There  are  few  degener- 
ating forms  and  a  few  empty  shells.  In  some  places  the  parasites  are  situated 
in  enlarged  epithelial  cells. 

Hpleen. — One  small  area  consisting  of  fibroblasts  with  some  connective-tissue 
fibers  between  them.  There  are  also  some  lymphocytes  (mostly  plasma  cells) 
and  many  large  giant  cells.  Several  young  and  adult  parasites  are  found 
enclosed  in  the  giant  cells. 

Lungs  (Fig.  20). — Large  nodular  areas  in  which  the  septa  are  thickened 
on  account  of  marked  infiltration  with  lymphocytes  (mostly  plasma  cells). 
The  air-spaces  are  partly  collapsed.  The  epithelium  is  swollen,  and  there 
are  signs  of  proliferation.  On  account  of  the  large  size  of  the  epithelial 
cells  some  of  the  air-spaces  have  a  gland-like  appearance.  In  other  air-spaces 
the  desquamated  epithelial  cells  have  become  fused  together  into  large  giant 
cells.  It  is  possible  to  recognize  by  the  different  appearance  of  their  nuclei, 
that  sometimes  epithelioid  cells  also  participate  in  the  formation  of  such 
giant  cells.  In  some  of  the  giant  cells  some  of  the  nuclei  are  pyknotic.  In 
one  especially  large  nodule  the  center  is  formed  by  detritus  which  is  full  of 
nuclear  debris  and  remnants  of  polymorphonuclear  leucocytes. 

Parasites  are  present  in  moderate  numbers;  young  and  adult  forms;  no 
sporulating  forms.  Mycelia  were  not  found  in  sections  or  in  fresh  teased 
specimens.     No  tubercle  bacilli  or  other  oacteria. 

Rabbit  No.  2.     March  21,  1900. 

Received  .5  c.cm.  of  a  suspension  of  a  culture  grown  on  beef-tea  injected 
into  large  vein  of  ear.  The  culture  apparently  did  not  contain  any  spores. 
The  animal  died  very  much  emaciated,  May  17,  1900. 

Many  submiliary  white  nodules  in  lungs,  kidneys,  spleen.  Near  the  free 
edge  of  the  liver  there  are  bright  yellow,  irregular,  badly  outlined  spots  with 
hypersemic  margins.  Fresh  teased  specimens  show  protozoon-like  bodies  in 
all  nodules;    none  were  found  in  the  discolored  areas  in  the  liver. 

In  some  of  the  nodules  two  small  forms  are  closely  approximated  and  form 
figure-8  forms.     In  none  of  the  specimens  were  any  mycelia  seen. 

Microscopical  Examination. — Heart. — A  few  subendocardial  areas  in  which 
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there  is  a  slight  thickening  of  the  connective  tissue  with  atrophy  of  some  of 
the  muscle  fibers.     No  parasites. 

Intestine  normal. 

Spleen  (Fig.  18). — Conglomerate  submiliary  nodules,  consisting  largely  of 
epithelioid  cells  with  many  giant  cells.  In  the  centers  of  some  of  them  there 
are  small  collections  of  polymorphonuclear  leucocytes,  some  of  which  show 
karyorrhexis  and  beginning  disintegration  of  the  protoplasm.  They  are  im- 
bedded in  a  stringy  material  which,  by  van  Gieson's  method,  stains  dark 
brown,  with  eosin  bright  red  (fibrin).  In  the  peripheral  parts  of  the  nodules 
are  many  lymphocytes  (mostly  plasma  cells).  In  the  periphery  of  nodules 
connective-tissue  fibers  are  found  between  epithelioid  cells. 

Parasites. — Moderate  number.  Mostly  in  giant  cells,  adult  forms:  many 
collapsed,  degenerating  forms  with  little  protoplasm  or  none  at  all.  No  bac- 
teria. 

Adrenal. — Normal. 

Kidney. — ^Nodules  very  much  like  nodules  in  spleen;  perhaps  more  lympho- 
cytes throughout  nodules;  marked  evidence  of  formation  of  fibrous  tissue  in 
periphery. 

Parasites. — None  found  in  sections,  but  a  few  in  each  nodule  in  fresh  teased 
specimens.    No  bacteria. 

Liver  (Fig.  15). — Extensive  necroses  of  spherical  or  irregular  form  (yellow 
spots).  The  spaces  between  the  necrotic  liver  cells  are  filled  with  very  irreg- 
ular epithelioid  cells.  In  the  central  portions  there  are  many  polymorphonu- 
clear leucocytes  in  varying  stages  of  disintegration  and  much  nuclear  debris. 
The  necrotic  liver  cells  stain  intensely  red  with  eosin.  With  van  Gieson's 
method  the  peripheral  ones  stain  light  brown  very  much  more  like  normal 
liver  cells;  the  central  more  degenerated  ones  more  darkly.  In  the  periphery 
of  the  nodules  a  few  lymphocytes  (mostly  plasma  cells). 

Parasites  found  neither  in  sections,  nor  in  fresh  teased  specimens;  no 
bacteria. 

In  other  parts  of  the  liver  there  are  submiliary  nodules  consisting  of  epi- 
thelioid cells  (Fig.  19). 

Lung. — Single  or  conglomerate  nodules  where  the  septa  are  thickened  and 
air-spaces  are  filled  with  cells  mostly  of  the  epithelioid  type.  In  peripheral 
parts  of  nodules  one  finds  connective-tissue  fibers  between  the  epithelioid  cells. 
With  the  epithelioid  cells  there  are  found  lymphocytes  (mostly  plasma  cells) 
especially  in  the  periphery  of  the  nodules.  In  the  central  portions  of  some  of 
the  larger  nodules  there  are  accumulations  of  polymorphonuclear  leucocytes 
surrounded  by  necrotic  material  which  stains  very  intensely  with  eosin  and 
dark  brown  with  van  Gieson's  method.  In  one  place  a  microscopic  cavity  has 
been  formed  by  the  destructive  process.  The  septa  of  the  adjoining  air-spaces 
are  slightly  thickened,  the  air-spaces  themselves  are  collapsed  and  either 
partly  or  entirely  filled  with  large  desquamated  epithelial  cells. 

Parasites  are  present  in  considerable  numbers,  mostly  young  or  adult  forms. 
Many  exhibit  signs  of  degeneration.  They  are  folded,  contain  little  or  no 
protoplasm,  or  show  vacuolization.  In  one  place  are  a  few  sporulating  forms 
surrounded  by  polymorphonuclear  leucocytes.  All  other  forms  are  enclosed 
In  giant  cells. 

Uterus  and  cerebrum  normal. 
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Rabbit  No.  3,  large  male.     March  21,  1900. 

Received  .2  c.cm.  of  a  suspension  of  a  third  generation  of  the  mould 
(mycelium  with  few  spores)  injected  into    large  vein  of  ear. 

August  2.  The  animal  shows  complete  paralysis  of  posterior  part  of  body. 
Killed. 

Post-mortem  Findings. — Peritoneal  cavity. — No  abnormal  contents.  Bladder 
very  much  distended,  reaches  almost  to  lower  surface  of  liver.  Numerous 
white  slightly  retracted  scars  of  the  size  of  a  pin's  head  in  the  spleen  and 
kidneys.  A  few  white  nodules  of  the  same  size  in  posterior  part  of  liver. 
Larger  white  hard  nodule  of  the  size  of  a  millet-seed  on  the  lower  surface  of 
the  right  half  of  the  diaphragm.  Just  visible  greyish-white  nodules  in  both 
Utngs.  Heart  normal.  In  the  serosa  over  the  large  intestine  is  a  miliary 
white,  hard,  projecting  nodule.  Brain. — After  removal  of  skin  covering  the 
head,  the  bone  is  found  to  project  about  2  mm.  above  the  normal  level  on  both 
sides  over  the  frontal  lobes.  The  projection  is  more  marked  on  the  left  side. 
The  projecting  area  measures  about  3  mm.  in  diameter  and  is  of  a  yellowish 
color  with  red  margin.  Underneath  it  there  is  an  abscess  filled  with  thick 
semi-fluid  pus.  On  the  lower  surface  the  abscess  projects  into  the  skull  and 
has  caused  considerable  compression  of  the  left  frontal  lobe.  Brain  and 
meninges  otherwise  normal.  The  lower  part  of  the  lumbar  cord  is  compressed 
by  a  tumefaction  and  purulent  infiltration  of  the  posterior  parts  of  three  of 
the  upper  lumbar  vertebrae  and  the  adjoining  tissue. 

Examinatio7i  of  fresh  specimens. — In  the  abscess  over  the  left  frontal  lobe 
there  are  a  moderate  number  of  parasites;  adult  forms,  some  empty  shells, 
three  sporulating  forms.  Otherwise  the  abscess  contains  mostly  fatty  detritus. 
Similar  findings  are  noted  in  specimens  from  the  diseased  area  in  the  lumbar 
region,  but  the  specimens  contain  less  fat. 

In  the  nodule  in  the  lung,  a  few  adult  forms  are  seen;  there  is  much  fat  in 
central  part  of  nodule. 

The  nodule  in  the  liver  is  calcified;   there  are  no  parasites. 

The  nodule  in  the  kidney  shows  one  empty  shell. 

The  nodule  in  the  spleen  shows  several  adult  and  young  forms.  One  para- 
site shows  a  figure-8  form.  In  one  spot  about  eight  young  forms  are  enclosed 
in  a  common  capsule. 

The  diaphragmatic  nodule  is  filled  with  pus,  which  contains  many  adult 
and  young  forms,  two  sporulating  forms,  one  group  of  young  forms  in  a 
common  capsule,  and  several  parasites  with  figure-S  form. 

Microscopic  Examination. — Spleen. — The  capsule  shows  a  slight  wrinkling. 
At  the  bottom  of  the  depressions  there  are  small  masses  of  fibrous  tissue, 
which  differ  from  the  connective  tissue  of  the  capsule  by  an  absence  of  invol- 
untary muscle-fibers,  and  also  by  an  irregular  infiltration  with  lymphocytes. 
No  parasites  found  in  sections. 

Liver. — In  most  places  there  is  a  slight  (in  some  a  marked)  proliferation 
and  moderate  lymphocytic  infiltration  of  the  periportal  connective  tissue. 
Some  of  the  fibroblasts  have  entered  the  spaces  between  the  rows  of  liver  cells 
and  are  beginning  to  encroach  upon  the  latter.     No  nodules;  no  parasites. 

Kidney  (Fig.  21). — In  the  cortex  and  medulla  are  seen  irregular  small 
areas  in  which  the  uriniferous  tubules  are  small.     The  epithelium  in  them  is 
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small,  not  differentiated.  Between  the  collapsed  tubules  there  are  strands  of 
fibrous  tissue.  The  glomeruli  in  these  areas  show  a  fibrous  thickening  of  the 
capsule;  in  others  is  seen  typical  hyalin  degeneration.  Quite  a  number  of  the 
uriniferous  tubules  inside  and  near  such  areas  contain  large  hyalin  casts. 
The  lymphatics  in  the  medullary  part  of  the  kidney  are  very  much  distended 
and  filled  with  hyalin  material  (coagulated  lymph?).  No  parasites  in  sec- 
tions. 

Lung. — The  nodules  of  the  lung  appear  in  two  different  forms.  In  one  the 
center  of  the  nodule  consists  of  irregularly  arranged  large  cells  with  a  large 
spongy  protoplasmic  body.  With  such  cells  one  finds  irregular  groups  of 
lymphocytes.  The  periphery  is  made  up  of  dence  fibrous  tissue.  These 
nodules  contain  a  few  adult  intact  or  degenerated  liarasites.  The  other 
nodules  consist  of  fibrous  tissue  in  which  the  remnants  of  the  air-spaces  appear 
as  gland-like  formations  with  cuboid  epithelial  cells  on  their  wall.  No  para- 
sites found  in  such  nodules.  One  of  the  larger  branches  of  the  pulmonary 
artery  is  completely  obstructed  by  a  thrombus.  The  thrombus  consists  of 
conglutinated  blood  platelets,  red  blood  corpuscles,  some  fibrin  and  in  the 
middle  of  it  there  is  considerable  nuclear  debris.  There  is  no  evidence  of 
organization.     No  parasites. 

Intestine. — The  nodule  situated  in  the  subserosa  has  destroyed  the  muscu- 
laris  but  does  not  reach  into  the  mucous  membrane.  The  periphery  of  the 
nodule  is  formed  by  dense  fibrous  tissue  with  slight  lymphocytic  Infiltration. 
In  the  middle  of  the  nodule  there  is  an  irregular  necrotic  area  which  is  com- 
posed of  granular  albuminous  detritus,  and  nuclear  debris  in  large  quantity. 
There  are  also  a  few  polymorphonuclear  leucocytes  and  a  considerable  number 
of  very  large  irregular  cells  with  large  clear  nuclei,  the  protoplasm  of  which 
contains  remnants  of  cells  and  nuclear  debris.  Interposed  between  the  per- 
ipheral and  central  parts  of  the  nodule  one  finds  a  thin  layer  of  granulation 
tissue  composed  of  large  epithelioid  cells,  lymphocytes,  a  few  polymorpho- 
nuclear leucocytes,  and  some  large  giant  cells.  Parasites. — Many  adult  forms 
are  seen  in  the  granulation  tissue,  mostly  in  giant  cells.  In  the  broken-down 
centers  of  the  nodules  are  some  adult  forms,  many  empty  shells,  several 
sporulating  forms.  In  one  spot  is  seen  a  shell  with  about  six  young  forms 
inside  it. 

Spinal  column. — In  the  bony  parts  laterally  and  posteriorally  the  medullary 
tissue  is  replaced  by  granulation  tissue;  many  of  the  remaining  bony  spicula 
show  evidence  of  beginning  absorption  (Howship's  lacunae  with  osteoclasts). 
In  the  granulation  tissue  there  are  numerous  submiliary  abscesses,  that  are 
either  filled  almost  entirely  with  polymorphonuclear  leucocytes  or  show 
polymorphonuclear  leucocytes  in  the  periphery  and  in  the  center  a  necrotic 
mass  that  consists  of  albuminous  detritus,  remnants  of  cells  and  nuclear 
debris.  In  spots  the  granulation  tissue  around  these  abscesses  shows  exten- 
sive necroses.  These  necrotic  areas  contain  less  nuclear  debris.  The  granu- 
lation tissue  is  in  most  places  surrounded  by  a  layer  of  cicatricial  tissue.  There 
Is  very  little,  if  any,  new  formation  of  blood-vessels.  There  are  comparatively 
few  giant  cells  in  the  granulation  tissue. 

Parasites. — In  the  granulation  tissue  are  many  adult  forms,  some  in  giant 
cells.     In  many  of  the  abscesses  sporulating  forms  are  seen.     The  spores  are 


W.  Ophiils  483 

somewhat  different  in  form.  In  the  middle  of  the  mass  of  spores  one  usually 
finds  S-shaped  forms.  Laterally  they  are  mostly  biconcave  disks  or  biconcave 
plates,  some  three-cornered,  other  hexagonal.  There  are  also  pyramidal  forms 
with  concavities  on  all  their  surfaces.  Of  all  forms  only  the  peripheral  ones 
stain  at  all;  quite  well  with  hematoxylon  or  other  nuclear  dyes,  whereas 
eosin  and  other  protoplasmic  dyes  stain  them  less  distinctly. 

Skull  (Fig.  24). — Lesions  of  the  same  character,  by  which  in  one  place  the 
bone  is  destroyed  in  its  entirety  from  dura  to  outer  periosteum. 

Rabbit  No.  4.     September  10,  1900. 

Small  white  rabbit  inoculated  with  1  c.cm.  of  a  milky  suspension  of  culture, 
containing  many  spores,  into  ear-vein. 

September  12.     A  small  abscess  has  formed  at  the  point  of  injection. 

Microscopic  examination  of  the  pus  shows  many  polymorphonuclear  leuco- 
cytes, many  spores.  A  few  of  the  spores  have  germinated  and  developed  into 
short  hyphae  (Fig.  28). 

September  13.  Hyphae  disappearing.  Many  of  the  spores  are  developing 
into  protozoon-like  bodies  (Fig.  29).  The  development  takes  place  by  simple 
enlargement.  Either  the  spore  grows  as  a  whole  or  there  is  first  a  bulging 
out  on  one  side  with  thinning  of  the  spore-membrane  at  that  point.  The 
spore  membrane,  however,  develops  directly  into  the  membrane  of  the  proto- 
zoon-like bodies. 

September  14.  Further  development  of  protozoon-like  bodies.  One  finds 
already  several  sporulating  forms.  In  one  place  there  is  an  empty  shell.  This 
shell  and  several  more  of  the  later  stages  are  distinctly  prickly  on  the  surface 
(fresh  specimen  without  addition  of  any  chemical).  One  form  has  a  figure-8 
shape.     One  body  is  not  spherical,  but  has  a  decided  pear-shape. 

September  15.  Very  many  sporulating  forms;  very  many  forms  with  prickly 
surface. 

September  17.  Hardly  any  mould-spores  left.  Many  empty  shells.  Many 
of  the  adult  forms  show  a  large  central  or  slighly  eccentric  vacuole  (Fig.  30) ; 
one  of  them  has  a  distinct  pedicle  (Fig.  30). 

September  20.  Some  pus,  which  at  this  time  does  not  contain  any  of  the 
original  spores  from  the  mould,  is  suspended  in  a  drop  of  beef-tea,  and  incu- 
bated for  24  hours.  After  that  time  numerous  hyphae  have  developed  from 
adult  forms  (Figs.  32  and  33)  and  also  from  spores  of  protozoon-like  bodies 
(Pig.  34).     The  hyphae  are  especially  numerous  around  sporulating  forms. 

The  animal  died  in  the  night  from  October  15  to  16,  1900. 

Post-mortem  examination.  October  16,  9  A.  M. 

The  animal  is  very  much  emaciated.  At  the  site  of  inoculation  there  is  a 
swelling,  which  extends  about  2  cm.  from  the  basis  of  the  ear  towards  the 
distal  end  following  the  marginal  vein.  The  swollen  parts  are  covered  with 
thick  scabs,  underneath  which  there  are  irregular  ulcerations  in  the  skin. 
The  swollen  tissues  are  irregularly  infiltrated  with  pus. 

Lungs. — Bright  red.     Very  many,  just  visible,  grey  nodules  are  seen. 

Spleen. — Slightly  enlarged.    A  few  just  visible  nodules  are  recognized. 
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Kidney. — A  few  just  visible  subcapsular  nodules.  Many  larger  ones  (about 
the  size  of  millet-seeds)  with  grey  periphery  and  yellow  center  projecting 
over  cut  surface  at  the  border  line  between  cortex  and  medulla. 

Liver. — No  macroscopic  lesions. 

Bladder. — Much  distended. 

A  few  drops  of  slightly  bloody  fluid  in  the  peritoneal  cavity. 

No  lesions  in  the  central  nervous  system. 

Experiments  on  cold-blooded  animals  have  been  confined  to  two 
frogs.  One  was  inoculated  snbcntaneously,  the  other  into  the  peri- 
toneal cavity.  In  both  experiments  the  result  was  absolutely  nega- 
tive. 

Collodion  sac  experiment. — August  25,  1900,  a  collodion  sac  containing  a 
little  beef-tea  and  some  material  from  a  pure  culture  with  many  spores  was 
introduced  into  the  abdominal  cavity  of  a  rabbit.  August  30.  Rabbit  killed; 
some  suppuration  around  sac.  Contents  consist  entirely  of  spores;  no  proto- 
zoon-like  bodies. 


EXPLANATION  OF   PLATES. 
(Figs.   1-24  inclusive  ore  microphotograpfis.) 
Plate  XXXIV. 
Fig.   1.      X  90.     Tubercle-like  nodule  in  liver  of  first  human  case. 
Fig.  3.      X  90.     Necroses  and  abscess-formation  in  lungs  of  first  human  case.     In 
center  one  sporulating  form. 

Fig.  3.  X  50.  Showing  general  distribution  of  diseased  process  in  lungs  of  first 
human  case. 

Fig.  4.  X  90.  Lungs  of  first  human  case.  Air-spaces  filled  with  granulation 
tissue  consisting  of  epithelioid  cells  and  lymphocytes.  In  the  center  are  adult 
parasites  enclosed  in  a  giant  cell. 

Fig.  5.  X  90.  Two  abscesses  containing  sporulating  forms  in  the  kidney  of  first 
human  case. 

Fig.  6.      X  90.     Tubercle-like  nodule  around  a  glomerulus  in  the  same  kidney. 

Plate  XXXV. 

Fig.  7.  X  90.  Tubercle-like  nodule  in  pericardium  of  second  human  case.  In 
center  large  giant  cell  containing  adult  forms  of  parasite. 

Fig.  8.  X  90.  Small  abscess  containing  sporulating  forms  in  spleen  of  first 
human  case. 

Fig.  9.      X  40.     General  view  <if  lesions  in  meninges  of  second  human  case. 

Fig.  10.  X  90.  Lesions  in  meninges  of  second  human  case.  Higher  power.  In 
center  small  abscess  with  empty  spore  shell. 

Fig.  11.  X  90.  Tubercle-like  nodule  with  giant  cell  and  central  caseation. 
Many  young  and  adult  parasites.     Testis  of  Guinea-pig  No.  2. 

Fig.  12.  X  17.  General  view  of  lesions  of  testis  of  Guinea  pig  No.  3.  Tubercle- 
like nodules  and  irregular  abcesses,  both  imbedded  in  cicatricial  tissue. 
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Plate  XXXVI. 

Fig.  IS.  X  340,  Testis  of  Guinea-pi^  No.  3,  showing  parasite  in  beginning  of 
sporulation  and  empty  spore-shell  full  of  polymorphonuclear  leucocytes. 

Fig.  14.  X  90.  Testis  of  Guinea-pig  No.  3.  Small  abscess  containing  sporulating 
forms. 

Fig.  1.5.  X  90.  Liver  of  Rabbit  No.  2.  Extensive  necrosis  with  much  nuclear 
debris  and  some  polymorphonuclear  leucocytes  in  periphery. 

Fig.  16.  X  340.  Testis  of  Guinea-pig  No.  3,  showing  sporulating  form  that  has 
recently  burst.  A  polymorphonuclear  leucocyte  has  just  entered  through  rent  in 
capsule. 

Fig.  17.  X  340.  The  same.  Showing  granulation  tissue  with  giant  cells  and 
adult  forms  of  parasite.     One  parasite  shows  folding  of  capsule. 

Fig.   18.      X  90.     Spleen  of  Rabbit  No.  2. 

Plate  XXXVII. 

Fig.  19.  X  90.  Another  part  of  liver  of  Rabbit  No.  2.  Tubercle-like  nodule  in 
periportal  connective  tissue.     Very  early  stage. 

Fig.  20.  X  90.  Lung  of  Rabbit  No.  2.  Formation  of  large  giant  cells  by  fusion 
of  desquamated  epithelial  cglls.     In  one  of  them  an  adult  parasite. 

Fig.  21.      X  90.     Healed  lesion  in  kidney  of  Rabbit  No.  3. 

Fig.  22.      X  90.     Kidney  of  Rabbit  No.  2. 

Fig.  23.  X  90.  Diaphragm  of  Guinea-pig  No.  2,  showing  plasma  cells  ou  left 
side  ;  many  adult  forms ;  encapsulated  sporulating  forms  in  tubercle-like  nodule 
(has  been  slightly  retouched  in  order  to  show  the  sporulating  parasite  better). 

Fig.   24.      X  10.     General  view  of  lesion  of  skull  in  Rabbit  No.  3. 

PL.1TE   XXXVIII. 

Fig.  2.5.  Sporulation  of  pathogenic  mould  in  potato  culture,  kept  at  room 
temperature  twenty  days.     Spores  about  S  u  in  largest  diameter. 

Fig.  26.  Gilchrist's  mould.  Sporulating  (?)  forms.  Potato  culture  kept  at  room 
temperature  for  twenty  days.     Bodies  vary  from  5-9  u  in  diameter. 

Fig.  27.     The  same. 

Fig.  28.  Germination  of  spores  of  mould  in  abscess  of  ear  of  Rabbit  No.  4,  2nd 
day. 

Fig.  29.  Development  of  protozoon-like  bodies  from  spores  of  mould  in  abscess 
of  ear  of  Rabbit  No.  4,  3rd  day. 

Fig.  30.  Unusual  form  of  parasite  found  in  abscess  of  ear  of  Rabbit  No.  4,  5th 
day. 

Fig.  31.  Germination  of  spores  of  mould  when  transferred  to  new  medium 
(gelatine  drop,  kept  at  room  temperature  for  48  hours).  The  spore  membrane 
always  bursts  at  the  side. 

Figs.  32  and  33.  Development  of  mycelium  from  protozoon-like  bodies  when 
kept  in  artificial  media  (hanging  drop  of  beef-tea  kept  for  24  hours  in  incubator). 

Fig.   34.     Development  of  mycelium  from  spores  of  protozoon-like  bodies. 


THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE.     VOL.  VI. 


PLATE   XXXIV. 


THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE.     VOL.  VI. 


PLATE  XXXV. 


THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE.     VOL.  VI. 


PLATE  XXXVI 


THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE.     VOL.  VI.  PLATE  XXXVII. 


II 


THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE.     VOL.  VI.  PLATE  XXXVIII. 


Fu;. 


Fig.  30. 


THE  TOXIC  EFFECTS  OF  FORMALDEHYDE  Ai\'D 
FORMALIN. 

MARTIN  H.  FISCHER,  M.  D.,  San  Francisco. 
(From  the  Pathological  Laboratory  of  Bush  Medical  College,   Chicago.) 

Although  the  germicidal  effects  of  formaldehyde  and  formalin 
have  been  in  the  last  few  years  the  subject  of  "much  discussion,  yet 
the  study  of  the  action  of  these  substances  upon  the  animal  economy 
has  been  practically  neglected.  Much  of  the  literature  on  this  sub- 
ject is  of  little  value  because  supported  by  insufficient  experimental 
evidence,  and  because  overhasty  conclusions  have  been  drawn.  In 
the  following  pages  I  have  collected  the  literature  which  bears  most 
directly  upon  the  subject  of  my  paper.  Wherever  the  term  formal- 
dehyde is  used  in  this  article,  the  gas  formic  aldehyde,  CH2O,  is 
referred  to.  By  the  term  formalin  is  meant  a  40%  solution  of  for- 
maldehyde in  water.  The  percentage  of  solutions  relates  to  the 
amount  of  formalin  in  the  solution.  Thus  a  10%  formalin  solution 
contains  4%  of  formaldehyde. 

In  the  exj^eriments,  immediately  after  the  death  of  an  animal, 
brought  about  naturally,  or  induced  by  chloroform,  ether  or  a  blow 
on  the  head,  the  tissues  were  fixed  in  Zenker's  fluid ;  in  a  few 
instances  alcohol  was  used.  In  staining,,  eosin  and  haematoxylin 
were  employed,  supplemented  when  necessary  by  staining  for  fat  with 
Sudan  III,  by  Weigert's  fibrin  stain,  and  by  polychrome  methylene 
blue.  WTien  no  special  stain  is  designated,  the  description  refers  to 
the  picture  sho\\Ti  by  eosin  and  haematoxylin. 

The  fixing  action  of  formalin  itself  is  to  be  remembered ;  and  also 
that  in  consequence,  a  cell  killed  by  contact  with  the  chemical  may 
histologically  show  no  evidences  of  death. 

I.      CHANGES   IX    THE    LUNGS   AFTEE   INHALATION    OF    FOEMALDEHYDE. 

The  following  experiments  were  performed  in  a  room  of  5.5  cubic 
metres  capacity.     A  large  door  ojJening  into  the  room  was  closed  but 
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no  attempt  was  made  to  prevent  the  egi*ess  of  the  formaklehyde  or  the 
ingress  of  air  through  the  keyhole,  cracks  in  the  door,  etc.  Formal- 
dehyde gas  was  generated  by  slowly  volatilizing  paraformaldehyde 
pastils  in  a  Schering  disinfecting  lamp.  The  lamp  was  set  in 
the  middle  of  the  room,  the  animals  being  in  a  cage  near  the  door. 
In  all,  nine  animals  were  used. 

Exp.  1. — A  guinea  pig  and  a  rat  were  exposed  for  IX^  hours:  3  grm. 
paraformaldehyde  volatilized. 

Exp.  2. — A  guinea  pig  and  a  rat  were  exposed  for  S^o  hours  to  an 
atmosphere  in  which  5  grm.  of  paraformaldehyde  had  been  volatilized. 

£■.17).  d. — A  g^iinea  pig  and  two  rats  were  exposed  for  6  hours  to  an 
atmosphere  in  which  11  grm.  of  paraformaldehyde  were  slowly  volatil- 
ized. 

^^^len  removed,  the  animals  were  slightly  dazed  but  otherwise 
apparently  well.  At  post-mortem,  forty-two  hours  later,  the  lungs 
of  the  animals  were  somewhat  reddened.  In  the  third  experiment 
crepitation  was  slightly  diminished  in  the  lungs  of  all  three  animals. 
The  bronchi  contained  a  small  amoimt  of  mucus. 

Cultures  were  made  from  the  nose,  mouth,  throat  and  lungs  of  each 
of  the  animals.  In  three  of  the  animals  mici'ococcus  tetragenus  was 
isolated  from  the  mouth.  A  single  colony  of  the  same  bacteriiuu  was 
obtained  from  the  lungs  of  one  of  the  giiinea  pigs.  All  the  other 
cultures  were  sterile. 

Histological  examination  reveals  distinct  inflammatory  changes  in 
the  lungs  of  the  animals.  The  lungs  of  the  rat  and  guinea  pig 
exposed  for  one  and  a  half  hours  show  marked  congestion,  ilany  of 
the  alveoli  are  filled  with  a  homogeneous  red-staining  exudate. 
Slight  desquamation  of  the  alveolar  lining  cells  has  occurred.  Many 
polymorphonuclear  leucocytes  are  found  in  the  capillaries,  in  the 
connective  tissue  of  the  lung  and  free  in  the  alveoli.  The  eosino- 
philes  are  numerous  (Fig.  1).  Mononuclear  leucocytes  are  present 
but  are  few  in  number.  The  bronchi  are  filled  with  serum  contain- 
ing a  few  leucocytes  and  desquamated  and  degenerated  bronchial 
epithclinni.     Tlic  dt'p]ier  layer  of  the  cells  of  the  brciuclii  arc  still 
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attached  to  the  liasemeiit  memln-ane.  In  the  periln'onchial  connec- 
tive tissue  many  leucocytes  are  found.  jSTunierous  red  blood  cor- 
puscles are  mixed  with  the  leucocytes  in  the  alveoli  and  bronchi. 
The  trachea  shows  no  change. 

In  the  two  animals  exposed  for  three  and  a  half  hours,  the  changes 
are  more  severe.  The  most  striking  difference  is  noted  in  the  char- 
acter of  the  leucocytic  infiltration.  Localized  areas  of  pneumonia 
are  found  involving  either  a  single  alveolus  or  sevferal  alveoli ;  often 
these  are  peribronchial  or  i^erivascular  (Fig.  2).  The  major  part 
of  the  leucocytes  which  have  accumulated  are  of  the  mononuclear 
variety.  The  polymorphous  variety  has  also  increased  but  not  in 
proportion  to  the  mononuclear  variety.  The  number  of  leucocytes 
and  alveolar  epithelial  cells  in  the  bronchi  is  larger  than  in  the  fore- 
going experiment. 

In  the  three  animals  exposed  for  six  hoiirs,  the  pneumonia  is 
similar  to  that  just  descrilied,  but  the  process  is  more  diffuse  and 
involves  large  areas  of  the  lung  substance.  A  beginning  tracheitis 
is  found  in  the  animals  exposed  for  three  and  a  half  hours  (Fig.  3), 
but  in  the  last  series  of  experiments  this  is  more  marked.  The  blood- 
vessels of  the  submucosa  are  congested  and  leucocytic  infiltration  has 
occurred.  The  latter  is  mainly  eosinophilic.  Many  leucocytes  are 
found  between  the  epithelial  cells  lining  the  trachea.  The  epithelial 
cells  themselves  show  slight  degenerative  changes,  and  are  often 
desquamated. 

Exp.  k- — A  spaniel,  wt.  25  kilo.,  was  left  for  5  hours  in  the  before 
described  room.  The  formaldehyde  lamp  was  set  on  a  high  shelf  and 
5  grm.  of  paraformaldehyde  volatilized  in  the  course  of  the  first  half 
hour.  The  door  of  the  room  was  opened  several  times.  The  slight  dry 
cough  present  when  the  dog  was  removed  from  the  room  became  moist 
in  cliaracter  several  hours  later.  On  the  following  day  the  animal 
coughed  incessantly;  and  this  coughing  continued  until  the  third  day 
when  the  dog  was  bled  to  death. 

Exp.  5. — A  large  cat  was  allowed  to  run  about  in  the  room  while  350  cc. 
of  methyl  alcohol  were  oxidized  to  formaldeliyde  in  a  iloffat  lamp.  Time, 
2%  hours. 
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At  autopsy  the  limgs  are  less  crepitant  than  normally,  cedematous, 
and  float  low  in  water.  Small  areas  of  consolidation  are  scattered 
through  the  lung  siibstance.  The  bronchi  are  filled  with  a  greyish, 
creamy  mucus.     The  trachea  is  covered  with  mucus. 

By  histological  examination  a  diffuse  pneiimonia,  with  here  and 
there  areas  of  more  intense  infiltration,  is  found  to  be  present  in  the 
limgs  of  both  animals.  There  is  general  vascular  congestion.  In 
the  dog  the  blood-vessels  contain  an  enormous  niimber  of  eosinophiles 
and  other  polynuclear  leucocytes.  Only  rarely  can  a  mononuclear 
leucocyte  be  found.  In  the  cat  the  polymorphonuclear  leucocytes 
are  much  less  in  evidence,  and  the  mononuclear  forms  are  predomi- 
nant. Many  of  the  alveoli  are  filled  with  a  homogeneous  red- 
stained  exudate.  This  is  most  marked  in  the  cat  in  which  over  half 
of  the  alveoli  are  filled.  The  leucocytes  are  mainly  of  the  poly- 
morphous variety,  and  are  most  numerous  in  the  walls  of  the  alveoli. 
The  alveoli  themselves  contain  leucocytes  and  large  epithelioid  cells 
which  probably  represent  desquamated  alveolar  epithelium.  The 
bronchi  are  filled  with  large  numbers  of  leucocytes,  broken  do\\Ti 
bronchial  epithelium,  and  granular  detritus.  The  superficial  lining 
cells  of  the  bronchi  are  swollen  and  stain  poorly,  the  cellular  reticu- 
lum is  loosened  and  the  cells  have  lost  their  sharp  contour.  The 
nuclei  are  swollen  and  stain  palely.  Between  the  cells  are  found 
many  leucocytes.  Desquamation  is  common,  and,  when  severe,  the 
submueosa  is  entirely  uncovered.  In  the  submucosa  and  in  the  peri- 
bronchial connective  tissue  large  numbers  of  leucocytes  are  found. 
A  more  severe  bronchitis  is  found  in  the  dog  than  in  the  cat. 

It  can  at  once  be  seen  that  my  observations  are  directly  opposed 
to  those  of  Aronson,  Phuhl,  Rosenberg,  Fairbanks,  Grawitz,  Babes, 
de  Schweinitz,  Robert  and  Moeller,  all  of  M-hom  conclude  that  for- 
maldehyde produces  no  effects  upon  the  animal  economy. 

Aronson  (1)  subjected  several  white  mice  and  a  rabbit  to  the  vapors 
of  formaldehyde  and  found,  after  twenty-four  hours,  that  the  animals 
were  alive  and  well.  A  histological  examination  showed  no  tissue 
changes.     Fairbanks  (2)   found  the  same  true  of  rabbits  aiul  mice 
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which  he  had  subjected  to  formaldehyde  inhalation  for  twenty-five 
hours.  De  Schweinitz  (3)  kept  a  calf  in  a  2%  atmosphere  of  for- 
maldehyde for  five  hours,  and  beyond  a  slight  watering  of  the  eyes 
and  an  occasional  cough,  could  find  no  deleterious  effects.  Kobert 
(4)  found  that  guinea  pigs  permitted  to  run  loose  in  a  room  during 
formaldehyde  disinfection  did  not  become  sick.  Moeller  (5)  allowed 
six  giiinea  pigs  to  run  about  in  rooms  which  were  disinfected  upon 
four  consecutive  days.  After  that  time  he  found  the  animals  lively 
and  well  and  they  remained  perfectly  well  thereafter.  Doty  (6) 
could  find  no  tissue  changes  in  insects,  fowls,  guinea  pigs,  mice,  etc., 
subjected  to  formaldehyde  gas  for  periods  of  from  three  to  fifteen 
hours;  occasionally  a  g-uinea  pig  would  show  a  slight  inflammation 
of  the  respiratory  tract. 

Klipstein  (7)  allowed  two  rabbits  to  inhale  formaldehyde  gas  from 
a  heated  formalin  solution.  The  first  of  these  inhaled  the  gas  for  one- 
half  hour ;  the  other  for  one-half  hour  on  three  consecutive  days.  The 
post-mortem  examination  showed  rhinitis,  laryngitis,  tracheitis  and 
catarrhal  bronchitis.  These  changes  were  more  severe  in  the  second 
animal.  A  mueo-purulent  material  was  found  in  the  bronchi.  The 
lungs  were  normal.  Except  for  the  last  statement  these  findings 
agree  with  those  in  my  experiments. 

Harrington  (8)  has  foimd  that  cats  and  dogs  accidently  confined 
in  rooms  undergoing  disinfection  rarely  survive  the  process.  As  proof 
he  cites  two  experiments  of  his  own,  and  refers  to  the  experience  of 
several  persons  daily  engaged  in  house  disinfection.  Likewise, 
Francis,  of  the  health  department  of  St.  Louis,  Mo.,  several  times 
put  rats  into  rooms  undergoing  disinfection.  Except  in  one  instance 
they  were  all  killed  in  one  and  a  half  hoiirs.  Two  guinea  pigs,  like- 
wise experimented  uj)on,  remained  well.  The  death  of  the  investi- 
gator Staub  has  been  attributed  to  the  inhalation  of  formaldehyde. 

Schlossman  has  worked  with  a  combination  of  glycerine  and  for- 
malin (glyco-formol)  and  urges  the  necessity  of  wearing  a  gas  mask 
when  entering  a  room  in  which  disinfection  has  been  performed. 
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II.    IXJECTIOX   OF  FOEMALIX   IXTO   THE   STOilACH. 

Formalin  "n-as  injected  directly  into  the  stomach  by  means  of  a  soft 
rubber  catheter  introduced  through  the  oesophagus.  The  symptoms 
folio-wing  the  injection  of  formalin  ditfered  in  the  different  animals. 
In  all,  eleven  animals  were  used. 

Exp.  1. — Eabbit,  wt.  500  grm.  Injected  8  cc.  of  concentrated  for- 
malin.    The  animal  falls  upon  its  side  and  expires  in  five  minutes. 

Exp.  2.— Rabbit,  wt.  500  grm.  Injected  4  cc.  of  10%  formalin.  Tb.e 
animal  died  immediately. 

Exp.  3. — Eabbit,  wt.  510  grm.  G  cc.  of  10%  formalin  were  injected. 
The  animal  died  in  one  minute. 

Exp.  k- — Rabbit,  same  wt.,  size  and  age  as  preceding.  Injected  6  cc. 
of  10%  formalin.  The  rabbit  loses  weight  rapidly  and  dies  in  three 
and  a  half  days. 

Exp.  5. — Kitten,  wt.  902  grm.  Injected  5  cc.  of  10%  formalin. 
Catheter  was  bitten  in  half  on  withdrawal,  and  a  few  drops  of  the  for- 
malin got  into  the  mouth.     Death  ensued  in  one  hour. 

Exp.  6. — Kitten,  same  wt.,  size  and  age  as  preceding.  Injected  1  cc. 
of  10%  formalin.  On  the  following  day  the  kitten  has  developed  an 
intensely  foul  breath  wliich  continues  to  the  day  of  death,  three  and  a 
half  days  later. 

Exp.  7. — Kitten,  wt.  1021  grm.  Injected  3.5  cc.  of  10%  formalin. 
Death  occurs  on  the  ninth  day  after  tlie  injection  of  the  formalin. 

Exp.  S. — Rabbit,  wt.  1380  grm.  Injected  8  cc.  of  5%  formalin. 
Death  occurs  in  si.x  days. 

Exp.  9. — Terrier,  wt.  53  kilo.  Injected  17  cc.  of  5%  formalin. 
After  a  minute  the  dog  vomited  a  frotliy  mucus  wliich  had  a  strong 
odor  of  formalin.  After  half  an  hour  the  animal  liccomes  quiet.  Death 
occurs  in  forty  hours. 

Exp.  i''.— Kitten,  wt.  980  grm.  Injected  3  cc.  of  10%  formalin.  The 
kitten  is  killed  three  weeks  after  tlie  operation,  in  which  time  it  has 
grown  and  gained  in  weight. 

Exp.  11. — Rabbit,  wt.  1401  grm.  Injected  G  cc.  of  5%  formalin. 
The  animal  ate  and  increased  in  weight.     After  a  month  it  was  killed. 

On  post-mortem  examination  no  macroscopic  changes  except  a  red- 
denin}'  of  the  mucous  membrane  of  the  stomach  and  duodenum  are 
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found  in  the  animals  that  died  immediately  after  the  injection  of  the 
formalin.      Histologically,  only  an  intense  vascular  congestion  exists. 

The  stomach  of  the  rabbit  in  the  foui'th  experiment  contains  only  a 
few  drops  of  a  turbid  liquid.  The  mucous  membrane  is  grayish, 
soft,  and  can  be  easily  scraped  oil ;  the  pyloric  end  of  the  stomach  is 
ulcerated.  The  intestinal  tract  is  empty,  except  the  caecum,  which  is 
filled  with  a  soft,  brownish,  gruel-like  material. 

Histologically,  the  serosa  and  the  muscularis  show  no  change.  The 
submucosa  has  undergone  loosening  so  that  the  connective  tissue 
fibrillffi  are  widely  separated  from  each  other.  The  blood-vessels  are 
markedly  congested,  but  no  haemorrhages  have  occurred.  There  is 
only  a  slight  leucocytic  infiltration.  An  increase  in  the  staining  re- 
action of  the  gland  cells  is  the  most  striking  change  noted  in  the 
mucosa ;  all  the  cells  are  more  deeply  colored  with  haematoxylin  than 
normally,  and  in  the  late  stages  of  degeneration  they  stain  a  imiform, 
deep  purjile.  The  changes  are  more  severe  upon  the  rugte  than  in  the 
tissue  between  them.  In  the  latter  locality  the  cells  are  swollen  and 
granular.  The  outlines  of  the  cells  are  lost  and  the  nuclei  are  irregu- 
lar in  shape.  The  peptic  cells  are  swollen,  granular,  and  stain  red 
with  eosin.  Ujion  the  rugae  the  glandular  cells  are  contracted.  Many 
of  the  nuclei  are  lost,  while  those  remaining  are  misshapen  beyond 
recognition.  Desquamation  of  the  gland  cells  is  everywhere  present. 
At  the  top  of  the  rugse  desquamation  of  all  these  cells  has  occurred, 
so  that  the  gland  cells  are  represented  by  a  deep  piirplish-staining 
detritus  within  the  connective  tissue  casing  of  the  tubules.  Many  of 
the  tubules  are  widely  distended  with  necrotic  matter.  In  some 
places  only  the  intertubular  connective  tissue  is  found  remaining. 
Areas  are  found  in  which  a  total  loss  of  the  mucosa  has  taken  place, 
exposing  the  bare  submucosa  beneath.  The  large  ulcer  seen  with 
the  naked  eye  is  found  to  be  due  to  such  a  loss  of  the  mucosa. 

The  stomach  of  the  dog  in  Exp.  9  contained  a  few  cubic  centi- 
meters of  a  turbid  fluid  similar  to  that  found  in  the  stomach  of  the 
rabljit  just  described.  The  mucous  membrane  was  similarly  gray 
and  soft. 

34 
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The  histological  findings  are  similar  to  those  previously  described, 
but  the  more  deeply  stained  glandular  cells  extend  only  half  way 
dovm  the  tubules.  The  cells  are  separated  from  each  other,  and  a 
■well-marked  desquamation  is  present,  A  marked  infiltration  with 
polymorphonuclear  and  large  and  small  mononuclear  leucocytes  has 
occurred.  This  is  confined  to  the  mucosa  and  submucosa.  The 
changes,  gradually  diminishing  in  severity,  extend  through  the 
duodemun  into  the  small  intestine  for  the  distance  of  about  a  foot. 

The  kitten  in  Exp.  5,  which  died  an  hour  after  the  injection  of 
the  formalin,  showed  the  following  changes  on  post-mortem  examina- 
tion. The  mouth,  pharynx  and  posterior  nares  are  red  and  covered 
with  miicus.  The  mucous  membrane  of  the  oesophagus  is  reddish  in 
color  and  soft ;  and  can  be  scraped  off  leaving  a  raw  surface  stiidded 
with  red  points.  The  stomach  is  filled  with  food  from  which  emanates 
a  strong  odor  of  formalin.  The  niucoiis  membrane  is  soft  and  reddish. 
All  the  vessels  are  markedly  congested.  Similar  changes  are  found 
in  the  duodemun. 

Histological  examination  shows  a  marked  vascular  congestion  of 
the  tissues  of  the  mouth,  pharvnx  and  oesophagus.  The  connective 
tissue  elements  of  the  oesophagus  are  loosened  so  that  the  fibrillte  are 
widely  separated  from  each  other.  No  changes  can  be  found  in  the 
epithelial  cells.  The  congestion  of  the  stomach  and  duoden\im  is 
very  marked;  in  the  latter  location  the  separate  capillaries  can  be 
traced  to  the  tip  of  the  villi.  The  glandular  elements  show  no 
change.  An  acute  oedema,  manifesting  itself  by  exudation  into  the 
submucosa,  has  occurred  and  in  consequence  the  stomach  wall  is  the 
seat  of  an  immense  bleb.  The  exudate  makes  up  about  half  tlie 
thickness  of  the  wall,  and  is  stained  homogeneously  red.  There  is 
no  leucocytosis. 

In  the  stomach  of  the  kitten  in  Exp.  6  are  found  4  cc.  of  a  dirty, 
turbid  fluid.  The  mucous  membrane  is  grayish,  soft  and  can  be 
scraped  off  easily.  The  stomach  of  the  kitten  in  Exp.  7  is  filled  with 
a  soft,  pus-like  material.  The  mucous  membrane  is  grayish  an<l 
soft;  in  some  parts  it  has  ulcerated.     The  raucous  menil)rane  of  the 
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duodeuiim  has  a  similar  character.  The  gall-bladder  is  enormously 
distended  "with  bile,  and  a  bristle  can  with  dilficnlty  be  pushed 
through  the  bile  duct. 

The  microscopic  findings  in  these  two  exfieriments  are  quite  similar. 
In  both  cases  we  have  to  do  with  an  intense  gastritis.  In  the  first  of 
them  the  leucocytosis  is  most  severe  in  the  mucosa ;  t'he  submucosa  is 
also  infiltrated  with  leucocytes,  but  in  the  muscularis  only  a  few  are 
seen.  In  Exp.  7  the  inflammatory  process  involves  the  muscular 
tissue  especially  in  those  j^arts  where  the  mucous  membrane  has 
ulcerated.  The  leucocytes  present  are  mainly  of  the  mononuclear 
variety;  only  a  few  polynuclear  leucocytes  are  seen.  The  gland 
cells  of  the  superficial  parts  of  the  mucosa  are  in  various  stages  of 
disintegration.  The  infiltrating  leucocytes  show  karyolysis  and 
karyorrhexis.  A  granular,  violet  stained,  necrotic  material,  inixed 
with  mucus  and  broken  dowoi  nuclei  is  found  lying  upon  the  mucosa. 
The  mucosa  and  submucosa  of  the  duodenum  in  Exp.  7  is  the  seat  of 
marked  inflammatory  changes.  This  isrobalily  brought  about  an 
atresia  of  the  gall  duct,  and  a  consequent  distension  of  the  gall- 
bladder with  bile. 

By  far  the  most  interesting  series  of  pathological  changes  are 
found  in  the  rabbit  of  Exp.  8.  The  stomach  contains  about  S  cc.  of 
a  foul-smelling,  bro^^^lish,  gruel-like  liquid.  The  mucous  membrane 
is  deeply  red,  mottled  with  smaller  areas  of  white,  and  traversed  by 
thick,  firm  ridges.  The  whole  is  covered  by  mucus  mixed  with  a 
whitish  necrotic  material;  when  the  hand  is  brushed  over  the  lining 
of  the  stomach  the  mucous  membrane  is  scraped  off,  and  a  raw  sur- 
face studded  with  red  points  is  left. 

On  histological  examination  the  changes  in  the  stomach  wall  are 
found  to  be  irregularly  distributed  and  of  varying  intensity.  Des- 
quamation of  the  serosa  has  ocevirred  in  some  places.  The  connective 
tissue  of  the  subserosa  retains  a  distinct  bluish  tinge  after  staining 
with  haematoxylin.  The  muscularis  shows  changes  ranging  from  a 
slight  inflammatory  condition  to  total  necrosis.  In  those  regions  in 
which  the  muscular  coat  is  least  affected  the  muscle  cells  are  slightly 
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s'wollen  and  stain  palelv.  Many  of  the  imiscle  cells  are  entirely 
separated  from  their  bundles,  and  are  in  various  stages  of  degenera- 
tion. With  these  changes  is  found  an  infiltration  of  polynuelear  and 
mononuclear  leucocytes.  The  muscular  layer  is  affected  first  on  the 
side  nearest  the  mucous  membrane,  whence  the  changes  progress 
do'miward  until  the  serous  side  of  the  muscularis  is  reached. 

The  submucosa  is  the  seat  of  an  enormous  fibrinous  exudate  which 
varies  in  thickness  in  different  parts  of  the  sections ;  at  one  time  the 
layer  of  fibrin  is  scarcely  recognizable,  at  another  it  is  three  times  as 
thick  as  the  normal  wall.  The  ridges  mentioned  in  the  anatomical 
description  are  entirely  due  to  submucous  fibriuoiis  exudation.  The 
exudate,  especially  in  its  deeper  portions,  contains  many  polymor- 
phonuclear leueocvtes ;  some  mononuclear  leucocytes  are  also  found. 
The  muscularis  mucosse  shows  changes  similar  to  those  of  the  muscu- 
laris. The  mucosa  shows  a  series  of  changes;  in  the  least  affected 
parts  only  a  few  swollen  cells  are  found,  but  in  the  more  altered  parts 
there  is  slight  desquamation  and  neci'osis  accompanied  by  leucocytic 
infiltration.  The  entire  thickness  of  the  mucosa  is  at  times  wholly 
destroyed ;  it  is  then  found  lying  iipon  its  basement  membrane  as  a 
necrotic  mass,  stained  in  various  ways  from  a  light  red  to  a  deep 
purple.  Large  areas  of  haemorrhage  into  the  mucosa  and  underlying 
fibrinous  exudate  are  found ;  the  blood-vessels  are  enormously  dis- 
tended and  in  places  the  walls  of  ruptured  vessels  are  seen. 

The  stomachs  of  the  animals  in  Exp.  10  and  Exp.  11  were  filled 
with  food;  and  no  macroscopic  or  microscopic  changes  were  demon- 
strable. 

The  wide  range  in  the  character  of  the  pathological  changes  lias  forced 
me  to  describe  these  experiments  in  detail.  Briefly  summarized,  the  his- 
tological findings  in  the  eleven  stomachs  examined  are  as  follows: 

Intense  vascular  congestion  in  E.\p.  1,  2  and  3. 

Infiltration  of  the  mucosa  with  leucocytes  together  with  necrosis  of 
gland  cells  in  Exp.  4  and  9.  The  necrotic  material  is  hyaline  and  stains 
deep  purple  with  haematoxylin. 

Intense  vascular  congestion  with  acute  oedema  of  the  submucosa  in 
E.xp.  5. 


Martin  H.  Fischer  497 

Gastritis  involving  the  entire  wall  of  the  stomach,  and  characterized 
by  marked  leucocytosis,  karyorhexis,  and  necrosis  in  Exp.  6  and  7.  The 
necrotic  material  is  granular  and  stained  violet  with  haematoxylin. 

Marked  leucocytosis  and  necrosis  in  all  the  tunics  of  the  stomach, 
together  with  an  intense  fibrinous  and  haemorrhagic  exudation  into  the 
submucosa  in  Exp.  8. 

No  recognizable  changes  in  Exp.  10  and  11. 

It  is  evident  that  I  failed  in  my  attempt  to  get  a  series  of  experi- 
ments which  would  show  a  progressive  increase  in  the  severity  of  the 
pathological  changes  corresponding  with  a  progressive  increase  in  the 
strength  and  amount  of  formalin  injected.  Likewise  the  severity 
of  the  symptoms  following  the  injection  of  formalin  into  the  stomacli 
is  by  no  means  proportionate  to  the  strength  or  amount  of  the  injected 
chemical ;  nor  is  there  a  definite  series  of  symptoms  following  the 
injection  of  a  definite  amount  of  formalin  of  a  definite  strength. 
The  results  obtained  in  the  first  three  experiments  in  this  series  lead 
me  to  class  formalin  with  that  rare  group  of  poisons  which  are 
capable  of  producing  sudden  death  when  swallowed. 

Other  things  being  equal,  it  might  l)e  expected  that  the  rapidity 
with  which  death  occurs  after  the  injection  of  formalin  into  the 
stomach  would  be  influenced  by  the  following  conditions :  The 
amount  or  strength  of  the  chemical;  the  time  of  retention  after  in- 
gestion (absence  of  vomiting)  ;  the  condition  of  the  stomach;  whether 
emj5ty  or  not  and  the  size  of  the  animal  experimented  upon. 

How  small  a  role  these  factors  play  may  be  judged  from  the  follow- 
ing :  Although  the  rabbit  of  Exp.  2  was  heavier  and  received  only  two- 
thirds  the  amount  of  formalin  that  was  given  to  the  rabbit  of  Exp.  4, 
the  first  died  immediately  after  the  ingestion  of  the  chemical,  while 
the  second  lived  several  days.  Similarly,  although  the  rabbits  in 
Exp.  3  and  4  were  identical  in  size,  weight  and  age,  and  were  injected 
imder  the  same  conditions,  with  the  same  amount  of  formalin,  one 
died  immediately  while  the  other  survived  several  days.  In  Exp.  6 
the  injection  of  1  cc.  of  10%  formalin  proved  fatal  in  three  and  a 
half  days.     In  Exp.  7  the  injection  of  3.5  cc.  of  formalin  of  the  same 
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strength  was  followed  by  an  attack  of  vomiting,  and  the  animal  lived 
nine  days.  It  might  be  concluded  that  the  animal's  life  was  pre- 
served because  the  toxic  agent  was  vomited.  Contrary  to  this  con- 
clusion are  Exp.  8  and  9,  for  while  the  rabbit  in  Exp.  8  lived  six 
days  after  the  ingestion  of  8  cc.  of  5%  formalin,  the  dog  in  Exp.  9 
survived  the  administration  of  17  cc.  of  the  same  strength  by  only 
forty  hours,  even  though  the  animal  began  to  vomit  almost  immedi- 
ately after  the  ingestion  of  the  chemical. 

That  the  weight  of  the  animal  is  not  an  important  factor  is  evi- 
denced by  the  fact  that  the  dog,  weighing  nearly  fifty  times  as  much 
as  the  rabbit,  was  unable  to  withstand  a  proportionately  smaller  dose. 
The  presence  of  food  in  the  stomach  does  not  seem  to  influence  the 
toxic  action  of  the  chemical.  In  Exp.  1  and  2  post-mortem  examina- 
tion showed  the  stomachs  filled  with  food  yet  both  died  immediately 
after  the  injection  of  the  formalin.  The  rabbit  of  Exp.  4  was  kept 
for  several  hours  without  food.  It  survived  the  injection  of  formalin 
for  several  days,  yet  its  fellow,  kept  under  exactly  the  same  condi- 
tions, died  immediately  after  the  oj^eration.  In  Exp.  9,  on  the  other 
hand,  the  rapid  death  of  the  dog  might  be  in  part  at  least  attributed 
to  the  ready  absorption  of  the  chemical  by  an  empty  stomach,  for  the 
animal  had  been  kept  without  food  for  twelve  hours. 

That  small  amounts  of  formalin  when  taken  into  the  stomach  are 
cajjable  of  producing  deleterious  effects  upon  the  animal  economy  is 
evidenced  by  the  experiments  of  Annett  and  Grady. 

Annett  (9)  noticed  in  kittens  fed  with  millc  containing  formalin, 
loss  of  appetite  and  diarrhoea  with  noisy,  gaseous  motions,  gaseous 
distension  of  the  abdomen  and  roughening  of  the  fur ;  in  some  in- 
stances there  were  emaciation  and  death.  The  younger  animals 
were  most  susceptible,  and  showed,  in  contradistinction  to  the  control 
kittens,  little  increase  in  weight  with  increase  in  age.  F.  F.  Grady, 
of  the  health  department  of  Chicago,  has  obtained  similar  results. 
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III.    IXTRAPERITONEAl    INJECTION    OF    FOEMALIX. 

In  this  series  of  experirnents  twelve  guinea  p)ig's,  two  rabbits  and 
five  dogs  were  used.  The  injections  were  made  through  the  abdomi- 
nal wall,  under  antiseptic  precautions,  by  means  of  a  hypodermic 
syringe. 

The  symptoms  following  the  injection  of  formalin  into  the  peri- 
toneum are  fairly  constant,  and  vary  in  intensity  according  to  the 
strength  and  the  amount  of  the  injected  chemical. 

The  anatomical  findings  after  intraperitoneal  formalin  injections 
are  quite  similar.  After  the  injection  of  1-1000  formalin,  macro- 
scopic changes  cannot  be  discovered.  Sometimes  there  is  slight 
vascular  congestion.  Marked  vascular  congestion  with  slight  exu- 
dation follows  the  injection  of  1%  formalin.  The  intestines  are 
usually  contracted,  especially  at  the  points  -where  they  rub  against 
the  abdominal  wall  or  against  each  other.  When  undiluted  formalin 
is  injected  an  abundant  inflammatory  exudate  accumulates.  Two  days 
after  the  injection  of  3.5  cc,  I  withdrew  160  cc.  of  a  turbid,  bloody 
fluid  from  the  abdominal  cavity  of  a  dog.  After  coagulation  the 
coagulum  constituted  70%  of  its  bulk.  In  the  second  dog  140  cc.  of 
ascitic  fluid  were  found  post-mortem  three  days  after  the  injection 
of  2.5  cc. ;  90%  of  the  total  volume  was  formed  by  the  clot  after 
coagulation  of  the  fluid.  In  the  abdominal  cavity  of  a  third  dog 
50  cc.  of  an  intensely  bloody  fluid  were  found  eight  days  after  the 
injection  of  4  cc.  of  undiluted  formalin.  Histological  examination 
of  the  ascitic  fluid  reveals  desquamated  epithelium,  red  blood  cor- 
puscles, large  numbers  of  leucocytes  and  granular  detritus. 

The  intestines  after  the  injection  of  undiluted  solutions  are  usually 
contracted.  At  the  points  of  irritation  are  found  ecchymoses  vary- 
ing in  size.  When  these  are  of  a  mild  grade  they  appear  as  delicate, 
subserous,  reddish-b^o^vn  or  purple  lines  running  parallel  with  the 
long  axis  of  the  gut.  In  the  severer  cases  the  entire  thickness  of  tlie 
intestinal  wall  is  soft  and  blood-soaked.  Those  parts  of  the  intestinal 
tract  which  are  protected  by  the  omentum  or  by  mutual  contact  may 
suffer  liut  slightly  in  the  destructive  process,  but  the  omentum  may 
suffer  severely.    Slight  ecchymoses  are  present  in  several  of  the  ani- 
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mals  even  after  the  use  of  1%  solutions.  When  undihited  sohitions 
are  employed  the  fat  columns  of  the  omentum  are  seen  as  dark  red, 
boggy  masses  of  clotted  blood.  The  parietal  peritoneum  shows 
changes  similar  to  those  described  above.  In  one  of  my  dogs  extrava- 
sation of  blood  was  present  through  the  entire  tliickness  of  the  abdomi- 
nal wall.  Fibrin  is  commonly  found  upon  the  omentum  and 
mesentery,  even  when  only  dilute  solutions  (1-250)  have  been  em- 
ployed. In  one  of  the  dogs  the  pancreas  was  embedded  in  a  fibrinous 
ca^jsule.  In  another,  fibrinous  adhesions  existed  between  all  the 
pelvic  viscera.     The  fibrin  was  always  soft  and  oedematous. 

The  endothelial  cells  of  the  peritoneum  after  the  injection  of 
1-1000  formalin,  swell,  show  nuclear  degeneration,  and  are  loosened 
from  the  basement  membrane.  Sometimes  single  cells  are  found 
lying  upon  the  connective  tissue ;  at  other  times  small  plates  of  endo- 
thelial cells  are  foimd  in  process  of  desquamation.  The  muscularis 
is  contracted  and  its  nuclei  compressed.  In  the  outer  muscular 
sheath  the  number  of  nuclei  are  diminished.  Leucocytic  infiltration, 
mainly  polynuclear,  has  taken  place  into  the  serosa  and  between  the 
layers  of  the  muscularis;  it  is  also  found  well-marked  in  the  con- 
nective tissue  of  the  submucosa.  The  mesentery  is  similarly  infil- 
trated.    Marked  vascular  congestion  prevails. 

Solutions  of  1-250  formalin  produce  similar  lesions. 

All  of  the  above  changes,  occurring  with  greater  severity,  are 
found  after  the  injection  of  1%  formalin.  The  pathological  findings 
range  from  an  intense  inflammation  to  total  necrosis.  The  connec- 
tive tissxie  ielements  stain  intensely  red  with  eosin  and  show  a  loss  of 
nuclei.  The  mucosa  is  often  represented  by  a  mass  of  blue  stained, 
necrotic  material.  The  submucosa  is  crowded  with  pol^-nTiclear,  and 
large  and  small  mononticlear  leucocytes;  the  mesentery  shows  similar 
changes.  Marked  vascular  congestion  and  extravasation  of  blood 
are  general.  Abundant  fil)rinous  exudation  into  the  mesentery  was 
found  in  some  of  the  sections. 

The  following  histological  changes  in  the  intestine  were  found  after 
the  injection  of  uudilutcil  formalin  into  the  peritoneal  cavities  of 
dogs: 
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The  peritoneal  lining  cells  are  entirely  lost  in  some  places;  in 
others,  a  few  poorly  stained  cells  still  adhere  to  the  subserosa.  The 
snbserosa  is  hyaline  and  stained  red ;  its  nuclei  are  decreased  in 
number,  misshapen  and  fragmented.  The  nuclei  of  the  outer  mus- 
ciilar  tunic  are  lost  and  the  muscular  tissue  is  bright  'red,  brownish 
or  purple  in  color.  The  same  is  true  but  to  a  less  marked  extent 
of  the  inner  muscular  layer.  The  cells  lying  nearest  the  supporting 
connective  tissiie  always  suffer  the  most.  The  submucosa  shows  a 
fairly  well-marked  leucocytic  infiltration.  The  mucosa  suffers  ouly 
slightly.  Only  in  the  dog  which  lived  ten  days  after  the  injection 
could  leucocytes  in  any  considerable  number  be  found  in  the  sub- 
serosa and  niuscularis.  The  parietal  peritoneum  suffers  changes 
similar  to  those  affecting  the  visceral. 

The  most  striking  feature  in  these  cases  is  the  intense  haemorrhage ; 
in  some  of  the  sections  examined  this  occupies  the  entire  thickness 
of  the  intestinal  wall  except  the  mucosa.  Blood  cells  or  blood 
pigment  are  so  aljundant  that  the  tissues  into  which  the  haemorrhage 
has  occurred  are  imrecogiiizable.  Well-preserved  red  blood  corpus- 
cles and  granular  pigment  are  often  associated  in  the  same  section; 
and  while  one  part  of  the  intestinal  wall  shows  naught  but  red  cells 
other  parts  may  show  nothing  but  blood  pigment.  The  mesentery 
is  in  all  cases  the  seat  of  fibrinous  inflammation,  often  accompanied 
by  profuse  haemorrhage. 

The  peri-pancreatic  and  interlobular  connective  tissue  of  the 
pancreas  of  the  dog  before  alluded  to  is  the  seat  of  an  intense  fibrin- 
ous inflammation ;  the  fibrin  is  delicately  fibrillar,  and  mixed  with 
leucocytes  and  granular  necrotic  material  formed  from  the  neighbor- 
ing pancreatic  parenchyma.  The  changes  in  this  organ  diminish 
in  severity  as  its  more  central  portions  are  reached;  here  the  cells 
are  ill  contoured,  granular,  and  show  evidences  of  nuclear  degener- 
ation. 

The  peritoneal  fat  suffers  markedly  under  the  action  of  formalin. 
Frequently  the  fat  cells  are  found  filled  with  purplish,  hyaline 
material.      At  other  times,   instead  of  the  changes  described  above. 
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necrosis  of  fat  cells  has  occurred  and  is  accompanied  by  intense 
leucocytic  infiltration.  In  the  mesenteric  fat,  the  deleterious  action 
of  the  formalin  most  often  manifests  itself  bv  the  production  of  a 
fibrinous  inflammation.  Lencocytosis,  karyolysis  and  karyorrhexis 
are  often  extreme. 

The  results  of  an  experiment  performed  by  Adler  (10)  agree  well 
with  my  o^vn.  This  investigator  introduced  several  pith  balls  satur- 
ated with  4%  formalin  into  the  peritoneum  of  a  rabbit.  After 
twenty-four  hours  small  ecchvmoses  were  found  on  the  surface  of 
the  colon  where  the  pith  cubes,  surrounded  by  a  soft,  translucent, 
mucoid  exudate  had  lodged.  Microscopical  examination  of  the 
cubes  revealed  polynuclear  and  large  and  small  mononuclear  leuco- 
cytes, plasma  cells,  "  mastzellen,"  red  blood  corpuscles,  tissue  cells 
and  epithelioid  cells. 

Borst  (11)  introduced  fish  bladders  filled  with  blood  into  the  peri- 
toneal cavities  of  rabbits.  When  the  bladders  were  sterilized  in 
formalin  and  then  washed  in  water,  the  usual  cellular  infiltration 
did  not  occur.  This  he  believed  to  be  due  to  a  swelling  of  the  cells 
in  the  fish  bladder,  or  to  a  negative  chemiotaxis  exerted  by  the 
retained  formalin. 

The  pancreatitis  in  one  of  my  experiments  is  similar  to  the  pan- 
creatitis associated  with  fat  necrosis  which  Flexner  (12)  protluced 
in  two  dogs  by  injecting  2%  formalin  into  the  pancreatic  ducts. 

Experiments  to  determine  the  lethal  dose  of  formalin  introduced 
intraperitoneally  were  performed  upon  guinea  pigs  with  the  follow- 
ing result: 

(a)  Two  guinea  pigs  died  within  two  days  after  the  injection  of  1  cc. 
of  a  1-1000  formalin  solution  for  each  100  grm.  of  body  weight. 

(b)  Five  guinea  pigs  died  within  twenty-four  hours  after  tlie  injection 
of  2  ce.  of  1-1000  formalin  for  each  100  grm.  of  body  weight. 

(c)  One  guinea  pig,  weighing  345  grm.,  died  three  days  after  the  in- 
jection of  6  cc.  of  1-1000  formalin. 

(d)  One  guinea  pig,  weighing  306  grm.,  withstood  tlie  injection  of 
3  cc.  of  1-1000  formalin ;  at  the  end  of  four  weeks  tlie  animal  weighed 
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400  grni..  and  withstood  the  injection  of  8  cc.  of  formalin  of  the  same 
strength. 

(e)  Four  guinea  pigs  were  killed  by  2  cc.  of  1%  formalin  in  periods 
ranging  from  six  to  twelve  hours. 

IV.  I^-JECTIO^'  OF  foemalix  ixto  the  luxg. 
In    these    experiments    slow    injection    through    the    chest    wall    was 
resorted  to. 

Exp.  1. — Guinea  pig,  wt.  405  grm.  Injected  1  cc.  of  1-1000  formalin 
into  right  lung. 

Exp.  2. — Guinea  pig,  wt.  372  grm.     Injected  2  cc.  of  1-1000  formalin. 

Both  animals  remained  apparently  well.  The  first  was  killed  on  the 
sixth  and  the  other  on  the  second  day  after  the  injection. 

On  post-mortem  examination  the  lung  on  the  injected  side  is  not  as 
perfectly  collapsed  as  that  of  the  other  side,  and  on  cross-section  the  lung 
tissue  feels  slightly  granular. 

Exp.  3. — Terrier.  Injected  5  cc.  of  10%  formalin  into  right  lung. 
After  two  days,  during  which  the  animal  coughed  from  time  to  time, 
the  dog  was  killed. 

Post-mortem  shows  only  the  right  middle  lobe  to  be  affected.  This 
does  not  collapse,  is  firm,  and  does  not  crepitate;  pieces  of  it  sink  in 
water.  The  cut  section  is  brownish-red  and  from  it  drips  a  light,  straw- 
colored  fluid.  In  the  center  of  the  lobe  is  found  a  sharply  defined  red 
area  the  size  of  a  dime.     The  bronchi  contain  thin  mucus. 

Exp.  Jf. — Terrier.  Injected  3  cc.  undiluted  formalin  into  right  lung. 
Death  occurred  in  18  hours. 

On  post-mortem  examination  the  left  lung  is  pink  in  color  and  crepi- 
tates throughout.  The  right  lung  is  dark  red,  firm,  non-crepitant,  and 
sinks  in  water ;  from  the  cut  section  drips  a  bloody  fluid.  In  the  center 
of  the  lower  lobe  is  found  a  cavity  2  cm.  in  diameter  filled  with  a  bloody, 
necrotic  material. 

Exp.  5. — Large  cat.  Injected  3  cc.  of  undiluted  formalin  into  the 
right  lower  lobe.     The  animal  died  immediately. 

On  post-mortem  examination  a  brownish-black  solid  area,  the  size  of  a 
small  cherry,  is  found  in  the  right  lower  lobe.  The  bronchi  of  the  cor- 
responding side  contain  bloody  froth. 

Histological  examination  of  the  lungs  of  the  animals  in  the  first 
two  experiments  reveals  pneumonia  on  the  right  side.      There  is  a 
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slight  leucocTtic  infiltration  of  the  alveolar  walls,  together  with 
capillary  congestion.  Scattered  throughout  the  lung  siibstance,  but 
especially  common  about  the  larger  blood-vessels  and  the  bronchi, 
are  circumscribed  areas  of  leucocytic  infiltration.  Here  the  alveoli 
are  filled  with  eosinophiles,  mononuclear  and  polynuclear  leiicocytes. 
Sometimes  red  blood  corpuscles  are  foiind,  but  it  is  possible  that  their 
presence  is  due  to  the  trauma  consequent  upon  the  hypodermic  punc- 
ture. There  is  desquamation  of  the  lining  cells  in  some  of  the 
bronchi. 

In  Exp.  3  the  pneumonia  is  much  more  severe.  The  dark  area 
described  in  the  anatomical  findings  is  made  up  of  red  blood  cor- 
puscles, blood  pigment  and  necrotic  lung  tissue.  About  this  necrotic 
focus  is  a  zone  of  intense  leucocytic  infiltration.  Leucocytosis  of  a 
less  severe  tv|ie  extends  throughout  the  tissue  of  the  affected  lobe. 
About  the  blood-vessels  and  bronchi  denser  areas  of  infiltration  are 
noted.  The  leucocytes  are  mainly  of  the  polynuclear  variety. 
Eosinophile  and  mononuclear  leucocytes  are  comparatively  rare. 
All  the  alveoli  are  filled  with  a  homogeneous,  red-stained  exudate, 
mixed  with  leucocytes,  strands  of  fibrin  and  desquamated  alveolar 
epithelial  cells.  There  is  intense  capiUary  congestion  and  the  large 
vessels  are  also  well  filled.  Extravasation  of  blood  has  occtirred  in 
many  localities.  The  bronchi  contain  leucocytes,  red  blood  corpus- 
cles and  necrotic  material.  Total  loss  of  bronchial  epithelium  is  a 
common  feature  of  the  bronchitis.  The  walls  of  the  bronchi  are 
oederaatous  and  infiltrated  with  leucocytes. 

The  lungs  in  Exp.  -i  show  practically  the  same  characteristics  as 
those  in  the  experiment  just  described.  There  is  greater  extravasa- 
tion of  blood  and  in  places,  actual  breaks  in  the  vessel  walls  can  be 
made  oiit. 

In  Exp.  5  the  only  discoverable  change  is  a  most  intense  capillary 
congestion.  Except  for  an  occasional  red  blood  corpuscle  tlie  alveoli 
are  empty. 
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V.    SUBCUTANEOUS    INJECTION    OF    FORMALIN. 

Formalin,  varying  in  strength  frona  0.1%  to  10%,  was  injected 
under  the  skin  of  the  hind  leg,  or  under  the  skin  over  the  ribs  of 
guinea  pigs  and  rabbits. 

The  histological  findings  were,  in  all  cases,  quite  similar.  They 
varied  in  severity  and  extent,  with  the  strength  and  with  the  amount 
of  injected  formalin.  The  characteristic  lesion  is  an  intense  exuda- 
tion into  the  subcutaneous  tissues.  There  is  found  underlying  the 
skin  a  yellowish,  jelly-like  mass,  from  which  when  cut  across  drips  a 
large  amount  of  light  straw-colored  fluid.  Such  an  exudate  is  most 
abundant  eighteen  hours  after  the  injection  of  formalin,  and  may 
then  be  3  or  4  cm.  in  thickness.  Absorption  of  the  exudate  usually 
occurs  in  a  few  days,  but  may  be  markedly  delayed  when  the  formalin 
is  not  diluted.  A  marked  proliferation  of  the  connective  tissue  is  con- 
comitant with  the  absorption  of  the  exudate. 

The  epithelial  covering  shows  no  changes.  The  exudate  is  stained 
red,  and  mixed  with  cellular  debris,  isolated  connective  tissue  cells 
and  leucocytes.  All  forms  of  the  latter  are  present,  but  polynuclear 
cells,  especially  the  eosinophils,  predominate  in  the  specimens  ob- 
tained soon  after  the  injection.  The  number  of  connective  tissue  cells 
(formative  cells)  varies  with  the  length  of  time  that  has  elapsed 
since  the  injection,  and  with  the  strength  of  the  formalin.  Active 
proliferation  of  the  existing  connective  tissue  can  be  found  on  the 
second  or  third  day  after  injection.  When  strong  solutions  of 
formalin  have  been  used,  proliferation  is  at  first  delayed,  but  once 
started,  becomes  excessive.  A  delicately  fibrillar  fibrin,  differing  in 
amount  in  the  various  experiments,  is  found  scattered  through  the 
exudate.     The  blood-vessels  are  enormously  congested. 

VI.    THE    EFFECT    OF    FORMALIN    UPON   THE   MUSCLES. 

After  the  injection  of  formalin  varying  in  strength  from  0.1% 
to  100%  into  the  leg  muscles  of  dogs  and  rabbits,  it  is  usually  found 
at  autopsy  that  the  chemical  has  acted  upon  a  circumscribed  area  of 
tissue.     "\^Tien   strong  solutions   have  Iteen   employed,    the   affected 
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muscle  is  browu  iu  color,  hard  and  dry,  cutting  much  like  a  piece 
of  dried  bread.  Exudation  into  the  fascia  usually  takes  place  and 
soft  boggy  lines  run  through  the  dry  areas.  When  dilute  solutions 
are  used  the  exiidation  is  more  severe,  and  the  area  of  muscular  tissue 
acted  upon  by  the  chemical  is  dark  red  and  soft  and  from  it  drips  a 
slightly  bloody  fluid.  In  one  dog,  I  found  within  the  muscular 
tissue  fifteen  days  after  the  injection  of  4  cc.  of  10%  formalin,  a 
cyst  containing  straw-colored  serum  and  a  mass  of  clotted  blood. 
The  walls  of  the  cyst  had  been  formed  by  active  proliferation  of  the 
connective  tissue  of  the  fascia. 

Histologically,  we  have  to  deal  with  a  myositis  of  varying  severity. 
Between  the  muscular  fibers  dense  aggregations  of  leucocytes  are 
found.  In  specimens  examined  twenty-four  hours  after  the  injec- 
tion of  the  formalin,  infiltration  is  mainly  of  the  polynuclear  variety ; 
in  older  specimens  the  mononuclears  become  very  numeroiis.  A 
homogeneous  red-stained  exudate  often  mixed  with  fibrin  is  foimd  in 
the  intermuscular  septa.  When  a  few  days  have  elapsed  since  the 
injection  of  formalin,  evidences  of  connective  tissue  proliferation 
manifest  themselves.  In  the  course  of  two  or  three  weeks  this  be- 
comes excessive.  The  muscular  fibers  are  sometimes  swollen,  some- 
times shrunken  and  wavy;  they  are  hyaline  and  stain  bright  red. 
Total  loss  of  nuclei  and  muscular  striation  is  common.  In  many 
places  segmentation  of  the  fibers  has  occurred.  Often,  especially  when 
strong  solutions  have  been  employed,  the  muscular  fibers  are  shrunken 
and  stain  blue  with  haematoxylin ;  at  other  times  the  musciilature 
stains  a  uniform  deep  purple.  In  these  localities  no  leucocytes  can 
be  found.  Any  or  all  of  the  above  conditions  may  be  present  in  a 
single  field  of  the  microscope. 

It  is  not  necessary  that  the  formalin  be  injected  into  the  tissues 
in  order  that  all  the  above  changes  may  occur.  Changes  identical 
with  those  described  occur  in  the  musculature  of  the  eyelids  when 
formalin  is  dropped  into  the  eyes,  in  the  abdominal  wall  after  intra- 
peritoneal injections,  or  in  the  skeletal  muscles  after  the  chemical 
has  been  injectcil  subcutaneously. 
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When  formalin  comes  in  contact  with  non-striated  muscular  tissue, 
changes  similar  to  those  ohserved  in  voluntary  muscles  result.  In 
the  intestinal  wall,  for  example,  after  the  injection  of  formalin  into 
the  peritoneum  or  into  the  stomach,  the  muscle  cells  ai'e  contracted, 
stain  red  with  eosin  or,  if  the  destructive  action  has  been  more 
marked,  purple  with  haematoxylin.  A  loss  of  nuclei  is  very  common, 
and  slight  leucocytic  infiltration  is  occasionally  present. 

VII.    THE  EFFECT   OF  FOEMALIJST  AND  FORMALDEHYDE  UPON   THE  EYE. 

Lacrymation  and  congestion  of  the  conjunctival  vessels  are  present 
in  the  eyes  of  all  animals  exposed  to  the  vapors  of  formaldehyde. 
The  intensity  of  these  symptoms  varies  only  slightly  with  the  length 
of  exposure,  and  seems  to  depend  more  upon  the  concentration  of  the 
gas  to  which  the  animals  are  exposed.  The  symptoms  usually  sub- 
side within  twenty-four  hours.  Histological  examination  a  few 
hours  after  exposure  to  the  gas  shows  only  vascular  congestion. 

The  slight  cloudiness  and  pupillary  contraction  which  follow  very 
soon  after  the  injection  of  formalin,  up  to  the  strength  of  1-500,  into 
the  anterior  chamber  of  the  eye,  always  pass  off  in  a  few  hours. 
When  a  drop  or  two  of  a  5%  solution  are  injected  definite  changes 
can  be  found  after  twenty-four  hours.  The  anterior  chamber  be- 
comes filled  with  delicately  fibrillar,  densely  matted  fibrin,  with 
which  polymorphonuclear  leucocytes  are  mixed.  These  are  most 
numerous  in  the  angle  between  the  iris  and  the  cornea.  The  lining 
cells  of  the  anterior  chamber  are  swollen  and  often  desquamated. 

In  three  animals  in  which  a  few  drops  of  10%  formalin  were 
dropped  into  the  eyes  no  changes  except  vascular  congestion  of  the 
eyeball  ami  eyelids  resulted.  For  several  hours  after  the  introduc- 
tion of  the  formalin  there  was  intense  lacrymation. 

A  single  drop  of  undiluted  formalin  is  sufficient  to  injure  an  eye 
permanently.  The  changes  which  result  are  generally  as  follows: 
Immediately  after  the  introduction  of  the  formalin  there  is  lacryma- 
tion, blepharospasm  and  contraction  of  the  pupil.  After  twenty- 
four  hours  the  pupil  is  contracted  to  almost  pin-hole  size,  and  refuses 
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to  dilate  after  the  use  of  atropine.  Intense  oedema  of  the  eyelids 
develops  and  prevents  their  closure;  the  cornea  becomes  dry  and 
opaque.  At  the  end  of  three  days  the  lids  become  less  oedematous 
and  their  margins  may  become  agglutinated  through  fibrinoiis 
exudate. 

The  conjunctiva  and  cornea  become  infiltrated  with  leucocytes. 
In  the  angle  between  the  visceral  and  parietal  conjunctiva  large 
collections  of  leucocytes  are  found ;  twelve  or  eighteen  hours  after 
formalin  has  been  dropped  into  the  eye  the  cornea  is  oedematous  and 
its  corpuscles  show  evidences  of  proliferation.  About  the  canal  of 
Schlemm  there  is  intense  infiltration  with  polvnuclear  leucocytes. 
The  anterior  chamber  of  the  eye  is  filled  with  exudate  stained  homo- 
geneously red  with  eosin  and  mixed  with  delicately  fibrillar  fibrin, 
and  large  numbers  of  leucocytes.  The  intensity  of  the  process  is 
subject  to  great  variation. 

As  in  the  eye,  the  changes  in  the  eyelids  do  not  always  give  a  defi- 
nite reaction  to  a  definite  amount  of  injected  formalin.  ^Yhen  the 
reaction  is  but  slight,  there  may  be  only  well-marked  leucocytic 
infiltration  of  the  mucous  lining  of  the  eyelids ;  the  muscular  tissue 
may  assume  a  brownish  color  after  staining  with  haematoxylin  and 
eosin;  sometimes  myositis  is  present.  In  very  severe  cases  the 
mucous  membrane  is  covered  by  a  layer  of  fibrin,  the  blood-vessels 
are  markedly  congested,  the  tissues  are  oedematous,  and  between  the 
necrotic  cells  are  found  masses  of  fibrin. 

In  addition  to  the  local  effects  following  the  injection  of  formalin, 
pathological  changes  occur  in  the  parenchymatous  organs  in  conse- 
quence of  the  absorption  of  the  chemical  from  the  point  of  injection. 
These  lesions  will  now  be  considered. 

VIII.    CHAXGES  IX   THK  I.IVER. 

Among  the  general  changes  produced  by  formalin  in  whatever 
way  it  is  introduced  into  the  body  are  those  occurring  in  the  liver. 
These  consist  essentially  of  cloudy  swelling,  varying  in  intensity 
associated  with  vacuolation  of  protoplasm  ami  destruction  of  the 
nuclei ;  ultimately  total  destruction  of  cells  may  occur. 
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Changes  in  the  liver  may  be  noted  after  injections  into  the  peri- 
toneum of  even  dilute  solutions.  In  guinea  pigs  after  the  injection 
of  from  4  to  8  ec.  of  a  1-1000  solution,  these  changes  are  of  a 
mild  form ;  the  liver  cells  are  swollen,  their  outlines  obscured  and  the 
protoplasm  granular;  the  nuclei  show  no  changes.  After  the  injec- 
tion of  1%  solutions  the  changes  are  more  severe.  The  columnar 
arrangement  of  the  cells  is  partially  lost  and  definite  boundaries 
between  the  rows  of  liver  cells  cannot  be  distinguished.  The  cells 
are  more  swollen,  the  granulation  is  coarser  than  normal,  and  the 
cell  outlines  are  entirely  obscured;  the  nuclei  in  a  few  cases  are 
somewhat  crenated.  The  cells  about  the  central  veins  stain  more 
lightly  than  those  at  the  periphery  of  the  lobules.  Accompanying 
these  changes  is  a  general  vascular  congestion;  occasionally  a  leuco- 
cyte is  found  in  the  tissue. 

Intrajjeritoneal  injection  of  undiluted  foi'malin  into  dogs  results 
in  the  production  of  a  diffuse  cloudy  swelling  of  the  liver;  the  cells 
are  swollen,  the  outlines  lost  and  the  protoplasm  is  granular.  The 
nuclei  are  crenated  and  of  bizarre  shapes.  Between  the  rows  of  liver 
cells  are  found  a  few  polynuclear  and  mononuclear  leucocytes.  The 
interstitial  tissue  contains  many  nuclei  and  the  blood-vessels  are 
congested.  These  changes  are  noted  from  the  second  to  the  fourth 
day  after  the  injection  of  formalin. 

Subcutaneous  injections  of  formalin  are  capable  of  producing  only 
slight  cloudy  swelling  of  the  hepatic  cells.  Severe  changes  cannot 
be  found  even  after  the  use  of  strong  solutions. 

The  most  severe  changes  in  the  liver  were  noted  in  those  experi- 
ments in  which  formalin  was  injected  into  the  lungs  or  into  the 
stomachs  of  animals,  and  after  the  inhalation  of  the  vapors  of 
formaldehyde.  The  changes  under  these  conditions  are  very  uni- 
form; the  columnar  arrangement  of  the  liver  cells  is  almost  entirely 
lost  and  the  cells  are  enormously  swollen,  some  of  them  having 
attained  fully  three  or  four  times  the  size  of  the  normal  cell.  The 
cellular  outlines  can  rarely  be  distinguished  and  the  protoplasm  is 
greatly  vacuolated  and  gran\ilar.  The  appearance  of  fatty  degenera- 
35 
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tion  is  prodiiced,  but  the  irregular  conto^ir  of  the  vacuoles  speaks 
against  this  view.  The  nuclei  are  somewhat  swollen  but  have  pre- 
served their  smooth  contour  in  many  cases ;  at  other  times  the  nuclei 
are  crenated  or  bizarre  in  shape.  Between  the  rows  of  liver  cells 
are  many  polynuclear  and  occasionally  mononuclear  leucocytes. 
Figures  simulating  karyokinesis  are  foimd,  but  the  exact  nature  of 
these  I  could  not  determine.  It  is  possible  that  they  represent 
broken  down  nuclei  or  polymorphonuclear  leucocytes.  An  increase 
in  the  number  of  nuclei  in  the  interstitial  connective  tissiie  is  due 
either  to  cell  proliferation  or  to  infiltration  with  mononuclear  leuco- 
cytes. The  blood-vessels  are  filled  with  blood.  The  greatest  leuco- 
cytic  infiltration  occurred  in  a  dog  into  the  lungs  of  which  10% 
formalin  was  injected. 

A  marked  contraction  of  the  hepatic  cells  associated  with 
vacuolation,  instead  of  the  ordinarily  observed  swelling,  is 
found  in  some  of  the  specimens.  In  no  case  was  I  able  to  find  an 
increased  number  of  leucocytes  in  the  liver  sooner  than  forty  hours 
after  the  injection  of  the  formalin.  In  four  of  the  animals  which 
had  inhaled  formaldehyde  I  found  areas  of  focal  necrosis  in  the 
liver.  Such  foci  are  sometimes  small  and  six  or  twelve  liver  cells 
have  undergone  destruction  (Fig.  4)  ;  at  other  times  areas  as  large 
as  half  a  liver  lobule  are  destroyed.  Mixed  with  the  granular  debris 
and  the  shrunken  and  broken  down  remains  of  liver  cells  are  poly- 
nuclear and  mononuclear  leucocytes.  Eosinophiles  are  rarely  found. 
That  regeneration  of  the  cells  occurs  is  indicated  by  the  fact  that  no 
histological  changes  can  be  discovered  in  the  livers  of  animals  which 
STirvive  for  two  or  three  weeks  the  intraperitoneal  injection  of  dilute 
formalin. 

Hensen  (13)  has  produced  parenchymatous  changes  in  the  liver 
by  injecting  1.5  cc.  of  from  0.5  to  4%  formalin  into  the  gall-bladders 
of  cats.  The  changes  varied  from  slight  cloudy  swelling  to  total 
necrosis  of  the  liver  cells.  In  all  cases  only  a  alight  inflammatory 
reaction  occurred,  and  evidences  of  regeneration  were  plentiful.  My 
own  observations  agree  well  with  those  <if  IIoiisou,  and  it  is  of  interest 
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to  note  that  fonnalin,  no  matter  in  what  way  introduced  into  the 
body  can  produce  lesions  in  the  liver  similar  to  those  resulting  from 
the  injection  of  the  chemical  directly  into  the  organ. 

IX.    CHANGES  IN   THE  KIDNEYS. 

Changes  in  the  kidneys  are  constantly  present  after  the  injection 
of  formalin.  Definite  changes  are  noted  in  the  kidneys  within  six 
or  eight  hours  after  the  injection  of  from  3  to  6  cc.  of  1-1000  for- 
malin into  the  peritoneal  cavities  of  guinea  pigs.  Macroscopically 
the  kidneys  are  firm,  swollen,  dark  red  and  bloody.  Microscopically, 
the  glomeruli  show  an  indistinct  structure.  The  sepearate  cells  can- 
not be  distinguished  from  each  other;  the  nuclei  are  polymorphous 
or  crenated,  and  often  show  figures  suggesting  karyokinesis.  The 
uriniferous  tubules  show  a  variety  of  changes ;  for  the  most  part  the 
cells  lining  the  convoluted  tubules  are  swollen,  granular,  and  stained 
red  with  eosin,  while  often  a  faintly  reticular  structure  can  be  made 
out.  The  cells  are  swollen  to  the  extent  of  occluding  completely  the 
lumina  of  the  tubules,  and  the  cellular  outlines  are  obscured.  The 
nuclei  of  the  cells  are  pale  and  swollen,  and  some  have  entirely  dis- 
appeared. In  some  areas  in  the  kidney  the  epithelial  lining  of  the 
tubules  has  been  lost  so  that  nothing  but  empty  holes  remain; 
sometimes  these  holes  contain  a  small  amount  of  granular  material, 
at  other  times,  desquamated  cells  with  fragmented  nuclei.  Often 
the  entire  epithelial  lining  is  contracted  and  found  lying  free  in  its 
connective  tissue  casing.  Some  of  the  tubules  are  filled  by  a  homo- 
geneous, bluish  staining  mucus-like  material.  The  changes  in  the 
straight  tubules  are  similar  to  those  in  the  convoluted  tubules,  the 
cells  being  swollen  and  granular.  Often  the  arrangement  of  the 
cells  upon  the  basement  membrane  is  disturbed  and  sometimes  total 
cellular  necrosis  has  occurred,  only  the  empty  connective  tissue 
tubules  remaining. 

In  two  guinea  pigs,  one  dying  eight,  the  other  twelve  hours 
after  the  intraperitoneal  injection  of  4  cc.  of  a  1%  solution  of  for- 
malin, all  of  the  changes  described  above  are  found.     K'o  definite 
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structure  can  be  made  out  in  the  glomeruli  and  intense  vacuolation 
of  the  cells  has  occurred.  In  the  glomeruli  and  in  the  tubules  an 
occasional  polymorphonuclear  or  mononviclear  leucocyte  can  be  seen 
and  blue  hyaline  material  is  found  in  some  of  the  tubules. 

The  administration  of  formalin  by  the  stomach  or  its  injection 
into  the  lung-s  prodiices  the  same  changes  in  the  tubules  of  the  kidney 
as  those  just  described.  The  same  result  follows  intraperitoneal 
injections  of  undiluted  formalin  into  dogs.  The  glomerular  changes 
however,  are  of  a  severe  type.  In  one  case  after  the  injection  of 
3.5  cc.  of  undiluted  formalin  some  of  the  glomeruli  are  entirely  lost 
and  in  their  places  a  small  amount  of  poorly  stained  granular 
material  is  found.  In  another  dog  there  are  found  only  empty 
tubules  containing  red  vacuolated  bodies,  probably  the  remains  of 
necrosed  cells. 

In  the  animals  exposed  to  the  fumes  of  formaldehyde  the  cells  of 
the  uriniferous  tubules  are  the  seat  of  intense  vacuolation.  Further, 
the  changes  already  described  are  found  aud  some  of  the  glomeruli 
are  entirely  destroyed.  In  three  of  the  animals  exposed  to  the  fumes 
of  formaldehyde  areas  of  focal  necrosis  were  found  in  the  kidneys. 
Such  foci  are  usually  of  small  size,  and  cover  an  area  corresponding 
to  the  cross-section  of  two  or  three  tubules.  Mixed  with  the  granular 
debris  and  the  broken  down  nuclei  of  the  destroyed  epithelium  are 
found  mononuclear  and  polynuclear  leucocytes. 

X.     CHANGES   IN   THE   LUXGS  AFTER  ABSOEPTIOX    OF   FORMALIN. 

Pneumonia  and  bronchitis,  with  or  without  haemorrhage,  are  found 
in  the  lungs  of  all  animals  after  the  injection  of  formalin.  These 
changes  are  of  about  the  same  type  in  all  the  animals,  aud  do  not 
vary  in  severity  with  variations  in  the  strength  and  the  amount  of 
the  injected  chemical. 

The  bronchi  contain  desquamated  bronchial  and  alveolar  epi- 
thelium, together  with  polynuclear  leucocytes.  The  lining  cells  of  the 
bronchi  are  swollen  and  granular,  and  in  places  partially  desquam- 
ated.    Many  of  the   alveoli   contain   a   finely  granular  or  liyalinc 
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material  (oedema)  with  which  are  mixed  desquamated  alveolar 
epithelial  cells  and  leucocytes.  The  epithelial  cells  of  the  alveoli 
are  swollen  and  granular,  and  their  nuclei  are  pale  and  misshapen. 
Many  of  these  cells  are  in  process  of  desquamation.  ■  The  blood- 
vessels are  congested  and  contain  a  large  number  of  leucocytes. 

XI.    CHANGES    IN    OTHER   OEGANS. 

Except  for  an  apparent  increase  in  the  number  of  polynuclear 
leucocytes,  I  was  unable  to  find  changes  in  the  spleen  of  any  of  the 
animals  experimented  upon.  There  was  always  an  abundance  of 
blood  pigment  present  and  many  of  the  leucocytes  were  filled  with  it. 
In  the  heart  1  found  no  definite  changes.  The  suprarenals  were 
unchanged. 

A  distinct  eosinophilia  was  found  in  the  bladders  of  two  dogs.  In 
addition  the  epithelial  cells  of  the  bladder  had  undergone  well- 
marked  necrosis  (the  cells  were  swollen  and  granular,  with  crenated 
and  broken  down  nuclei)  and  desquamation.  To  what  extent  these 
changes  were  pathological,  I  am  unable  to  say. 

In  the  spinal  cord  and  brain  of  four  animals  examined  by  Nissl's 
method,  the  ganglion  cells  showed  chromatolysis,  peripheral  and 
central  migration  of  the  Nissl  bodies,  and  eccentric  location  of  the 
nuclei. 

XII.    CHEONIC    FORMALIN    POISONING. 

Four  animals  were  subjected  to  chronic  formalin  poisoning,  re- 
ceiving a  series  of  intraperitoneal  injections  of  dilute  formalin.  The 
results  were  as  follows : 

Exp.  1. — Eabbit,  wt.  920  grm.  Injected  6  cc.  of  1-2000  formalin  on 
four  successive  days.  The  animal  seemed  slightly  imcomfortable  but 
otherwise  well.  The  rabbit  was  killed  ten  days  later  when  no  macro- 
scopic changes  could  be  found  in  the  organs. 

Exp.  2. — Guinea  pig,  wt.  76.5  grm.  Injected  4  cc.  of  1-2000  formalin 
on  four  successive  days.  The  animal  lost  27  grm.  in  weight.  Twelve 
days  later  the  pig  had  regained  its  former  weight  and  formalin  injee- 
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tions  were  recommenced.  Injections  of  4  ec.  of  the  chemical,  beginning 
with  1-2000  and  gradually  increasing  in  concentration,  were  made  every 
second  day.  No  symptoms  except  a  slight  restlessness  followed  the  in- 
jections. The  animal  succumbed  after  the  ninth  injection — i  cc.  of  a 
1-625  formalin  solution.  At  death  the  animal  weighed  702  grm.  Time 
of  experiment  42  days. 

Exp.  3. — Terrier,  wt.  25  kilo.  The  experiment  extended  over  a  period 
of  38  days.  The  following  injections  were  made,  one  day  at  least  inter- 
vening between  the  consecutive  injections: 

Ten  injections  of  8  cc.  of  1-1000  formalin;  one  injection  of  16  cc.  of 
1-1000  formalin;  three  injections  of  24  cc.  of  1-1000  formalin;  one  injec- 
tion of  32  cc.  of  1-1000  formalin;  one  injection  of  40  cc.  and  one  of  50  cc. 
of  1-500  formalin.     The  dog  was  killed  with  chloroform. 

Exp.  Jf. — Rabbit,  wt.  1675  grm.  The  animal  was  observed  for  106 
days.  The  following  injections  were  made,  one  day  at  least  intervening 
between  injections: 

Twelve  injections  of  6  cc.  of  1-1000  formalin;  two  injections  of  8  cc. 
of  1-1000  formalin;  one  injection  of  12  cc.  and  one  injection  of  20  cc.  of 
1-1000  formalin. 

I  now  began  to  increase  slowly  the  concentration  of  the  chemical,  as 
well  as  to  increa.'^e  the  amount  injected.  After  increasing  the  strength  of 
the  formalin  I  would  at  first  decrease  the  amount  injected  so  as  to  make 
the  transition  with  as  little  shock  as  possible  to  the  animal.  In  61  days 
the  amount  of  the  chemical  injected  was  raised  from  16  cc.  of  1-500  to 
40  cc.  of  1-150  formalin.  After  the  ninth  injection  of  1-1000  formalin 
the  animal  had  lost  75  grm. ;  thereafter  the  animal  gained  in  weight 
and  weighed,  when  killed,  1920  grm.  For  several  days  the  animal 
weighed  2026  grm.  After  a  series  of  injections  the  rabbit  would  lose 
weight;  the  weight  would  be  regained  when  the  injections  were  stopped. 
It  was  also  noticed  that  an  increase  in  the  amount  of  formalin  injected 
was  followed  by  a  corresponding  increase  in  the  loss  of  weight. 

On  post-mortem  examination  no  macroscopic  changes  of  a  type 
much  severer  than  those  ordinarily  observed  could  be  found.  The 
kidneys  and  liver  of  the  dog  in  Exp.  3  were  yellowish.  In  the  rabbit 
of  the  last  experiment  the  intestines  had  a  distinctly  granular  feel, 
and  the  mesentery  was  firmer  and  thicker  than  normal.  The  cap- 
sules of  the  kidneys  were  also  thickened. 
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Histological  examination  of  the  viscera  gave  the  following  result : 
In  the  first  three  experiments  there  is  fibrino-haemorrhagic  peritonitis 
such  as  I  have  already  described.  In  the  third  experiment  organiza- 
tion of  the  exudate  is  well  advanced,  while  in  the  last  experiment 
there  is  enormous  proliferation  of  the  connective  tissue.  The  mesen- 
tery is  made  up  almost  entirely  of  embryonal  connective  tissue,  and 
the  serosa  of  the  intestines  and  abdominal  wall  is  very  markedly  thick- 
ened. Enormous  proliferation  of  connective  tissue  has  also  occurred 
in  the  omentum.  In  places  areas  of  fibrin  mixed  with  red  blood 
corpuscles  are  undergoing  organization.  A  most  striking  infiltration 
with  eosinophile  leucocytes  is  present  in  the  mesentery,  omentum, 
serosa  and  submucosa  of  the  intestines,  and  in  the  abdominal  wall. 
Other  polynuclear  and  mononuclear  leucocytes  are  present  but  they 
are  comparatively  few  in  number.  About  the  smaller  blood-vessels 
and  irregularly  scattered  through  the  young  connective  tissue  are 
small,  densely-crowded  aggregations  of  lymphocytes. 

The  capsules  of  the  kidneys,  spleen  and  pancreas  of  the  rabbit  in 
the  last  experiment  are  thickened,  show  active  proliferation  of  con- 
nective tissue,  and  are  infiltrated  with  eosinophile  and  other  forms 
of  leucocytes.  These  changes,  it  seems  to  me,  are  due  to  the  formalin 
which  came  in  contact  with  these  organs.  It  is  probably  the  result 
of  this  proliferation  of  connective  tissue  and  thickening  of  the  serosa 
that  the  animals  are  able  to  bear  without  apparent  suffering  the 
injection  of  large  quantities  of  the  stronger  solutions  employed  in 
the  later  experiments. 

Severe  cloudy  swelling  is  present  in  the  livers  of  the  animals  used 
in  the  last  three  experiments.  In  the  dog  there  was  marked  fatty 
degeneration.  Areas  of  focal  necrosis  are  found  in  the  liver  of  the 
guinea  pig.  In  the  guinea  pig,  and  in  the  rabbit,  more  markedly  in 
the  latter,  the  interlobular  connective  tissue  is  infiltrated  with  small 
mononuclear  leucocytes.  Slight  leucocytosis  is  present  in  the  livers 
of  all  the  animals  except  the  first. 

The  kidneys  are  the  seat  of  diffuse  cloudy  swelling.  Fatty  degen- 
eration is  marked  in  tlie  kidneys  of  the  dog  (Exp.  3).     The  connec- 
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tive  tissue  in  the  kidneys  of  the  last  three  animals  is  infiltrated  with 
small  mononuclear  leucocytes,  but  other  forms  are  rarely  found. 
Areas  of  focal  necrosis  are  found  in  the  kidneys  of  the  guinea  pig. 
In  the  dog  extensive  areas  in  which  kidney  substance  has  disappeared 
are  infiltrated  with  leucocytes  of  the  mononuclear  variety  (Fig.  5). 
Many  plasma  cells  are  present. 

The  lun^  of  the  four  animals  show  the  slight  bronchitis  and 
pneiunonia  usually  present  after  the  administration  of  formalin. 
Their  spleens  contain  a  large  amount  of  blood  and  yellow  pigment 
and  in  the  last  experiment  a  large  number  of  eosinophile?. 

I  take  pleasure  in  expressing  my  thanks  to  Dr.  Hektoen  for  sug- 
gesting the  subject  of  this  paper  to  me;  and  for  continued  interest 
and  guidance  during  its  preparation. 

SUMMAKT. 

The  results  of  this  investigation  may  be  summarized  as  follows : 

1.  The  inhalation  of  formaldehyde  gas  in  even  small  quantities 
is  followed  by  bronchitis  and  pneumonia.  Pneumonia  is  due  to  the 
inhalation  of  the  gas  and  not  to  secondary  infection. 

2.  Formalin  belongs  to  that  rare  group  of  poisons  which  are 
capable  of  producing  death  suddenly  when  swallowed. 

3.  The  introduction  of  formalin  into  the  stomach  is  followed  by 
the  production  of  a  gastritis  which  varies  greatly  in  character.  The 
duodenum  and  upper  jejunum  may  also  be  involved  in  the  inflam- 
matory process. 

4.  Intraperitoneal  injections  of  formalin  cause  peritonitis  of 
a  fibrino-haemorrhagic  character.  A  definite  reaction  is  obtained 
when  very  dilute  formalin  (1-1000)  is  employed.  In  the  peritoneal 
cavity  formalin  exercises  a  destructive  action  upon  all  organs 
(pancreas,  liver,  peritoneal  fat,  Fallopian  tiibes,  etc.)  with  which  it 
comes  in  contact  and  causes  inflammation  in  these  organs. 

5.  The  lethal  dose  of  formalin  when  injected  intraperitoneally 
into  guinea  pigs  is  approximately  2  cc.  of  1-1000  formalin  for  each 
100  grm.  of  body  weight. 
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6.  The  injection  of  formalin  into  the  hmgs  is  followed  by  pneu- 
monia and  bronchitis. 

7.  The  inflammation  which  follows  subcutaneous  injections  of 
formalin  is  characterized  by  intense  exudation. 

8.  The  injection  of  formalin  into  the  muscles  produces  myositis. 

9.  The  injection  of  formalin  into  the  anterior  chamber  of  the  eye 
causes  the  accumulation  of  an  exudate  containing  leucocytes  and 
fibrin.  When  formalin  is  dropped  into  the  conjunctival  sac  iritis 
follows  and  may  be  severe  enough  to  destroy  the  eye. 

10.  Formalin  in  whatever  way  introduced  into  the  body  is  ab- 
sorbed, and  is  then  capable  of  producing  lesions  in  the  parenchy- 
matous organs. 

11.  Changes  in  the  liver  after  absorption  of  formalin  consist  of 
mild  or  severe  grade  of  cloudy  swelling  accompanied  by  vacuolation 
of  the  jiretoplasm,  changes  in  the  nuclei  and  leucocytic  infiltration. 
Focal  necrosis  may  result.  Similar  changes  follow  the  inhalation  of 
formaldehyde. 

12.  The  injection  of  formalin  or  the  inhalation  of  the  vapors  of 
formaldehyde  produces  cloudy  swelling  of  the  parenchyma  of  the 
kidney.     Focal  necrosis  may  result. 

13.  Pneumonia  and  bronchitis  are  found  in  all  animals  after  the 
injection  of  formalin. 

14.  The  leucocytic  infiltration  which  follows  the  introduction  of 
formalin  into  an  organ  has  these  general  characteristics :  The  eosino- 
philes  are  the  first  leucocytes  to  appear;  these  are  followed  by  the 
other  polynuclear  leucocytes;  last  appear  the  large  and  small  mono- 
nuclear leucocytes.  Similar  phenomena  occvir  in  the  trachea,  bronchi 
and  lungs  of  animals  subjected  to  formaldehyde  inhalations. 

15.  Formalin  is,  directly  or  indirectly,  chemiotactic  for  leuco- 
cytes. The  tissues  which  are  not  infiltrated  with  leucocytes  after  the 
injection  of  formalin  are  those  which  have  been  so  injured  by  the 
chemical  that  an  inflammatory  reaction  is  impossible. 

16.  Animals  subjected  to  chronic  poisoning  with  formalin  admin- 
istered   by    intraperitoneal    injection    develop    fibrinous    peritonitis. 
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associated  with  marked  eosinophilia.  The  changes  in  the  kidneys 
and  liver  consist  of  cloudy  swelling,  fattv  degeneration,  focal  necrosis 
and  leucocytic  infiltration. 
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EXPLANATION  OF  PLATES. 

Fio.  1.  Eosinophilic  puenmonia  in  a  guinea  pig  exposed  for  one  and  a  half  hours 
to  formaldehyde.     (Sec.  I,  Exp.  1.) 

Fig.  2.  Pneamonia  at  a  later  stage,  in  a  rat  exposed  for  three  and  a  half  hours 
to  formaldehyde.     (Sec.  I,  Exp.  2.) 

Fig.  3.  Eosinophilic  tracheitis  in  a  guinea  pig  exposed  to  formaldehyde  inhalation 
for  three  and  a  half  hours.     (Sec.  I,  Exp.  2.) 

Fig.  4.  Focal  necrosis  in  the  liver  in  a  guinea  pig  liilled  forty-two  hours  after 
exposure  for  five  hours  to  the  vapors  of  formaldehyde.     (Sec.  I,  Exp.  4.) 

Fig.  .5.  Extensive  leucocytic  infiltration  found  in  the  kidney  of  a  dog  subjected 
to  chronic  poisoning  with  formalin.     (Sec.  XII,  Exp.  3.) 
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BACILLUS   MORTIFERUS  (NOV.  SPEC). 

By  NORMAN  MACLEOD  HARRIS,  M.  B.  (Tor.) 
{From  the  Pathological  Laboratory  of  the  Johns  Hopkins  University  and  Hospital.) 

It  is  proposed  in  this  paper  to  describe  a  hitherto  unknowii  bacillus 
which  is  pathogenic  for  man  and  animals.' 

Source. — From  an  abscess  in  the  liver  of  a  person  who  died  and 
oame  to  autopsy  in  the  Johns  Hopkins  Hospital  on  October  13,  1900. 

Clinical  Report. — For  the  following  clinical  notes  I  am  much  indebted 
to  the  kindness  of  Professor  William  S.  Halsted.  under  whose  care  the 
patient  was  admitted. 

"  J.  B.,  set.  44.     Admitted  to  the  Johns  Hopkins  Hospital  October  6, 
1900.     The  family  and  past  histories  are  unimportant. 

Present  Illncss.—Note  of  October  6 :  The  patient  was  admitted  with  a 
history  of  headache  of  four  days'  duration.  Three  days  before  admission 
nausea  began,  accompanied  with  vomiting,  which  continued  until  last 
night.  The  patient  thinks  the  vomitus  had  a  faecal  odor  and  was  dark 
yellow  in  color.  He  was  unable  to  take  food  until  24  hours  after  vomit- 
ing. Abdominal  pain  began  two  days  ago  and  was  constant,  not  par- 
oxysmal, throughout  the  whole  right  side.  He  places  his  hand  to  the 
right  of  the  umbilicus  and  to  the  upper  right  quadrant  of  the  abdomen. 
The  bowels  have  moved  daily  three  or  four  times  and  contain  no  blood. 
There  was  a  free  movement  last  night  with  flatus.  He  has  had  chills, 
one  at  8  P.  M.  last  evening  and  one  at  2  A.  M.  this  morning,  followed  by 
profuse  sweating.  The  patient  never  had  previous  similar  chills,  and  no 
trouble  of  the  kind  is  known  in  his  neighborhood.  He  drinks  hydrant 
water.     Temperature  103°  F.     Micturition  normal. 

Physical  Examination.— Futient  walks  erect.  He  is  large,  well  devel- 
oped, of  good  color,  skin  moist,  no  jaundice,  conjunctivae  clear.  Tongue 
slightly  coated.  He  complains  of  intense  pain  when  head  is  touched. 
There  is  no  cervical  rigidity.     Pupils  react  equally  to  light.     He  is  rather 

1  Presented  at  the  second  annual  meeting  of  the  Society  of  American  Bacteriologists, 
in  Baltimore,  Md.,  Dec.  27  and  28,  1900,  and  at  a  meeting  of  the  Medical  Society  of 
the  Johns  Hopkins  Hospital,  on  Jan.  7,  1901.  A  preliminary  report  was  published 
in  the  Bulletin  of  the  Johns  Hopkins  Hospital,  1901,  xii,  216;  likewise  in  the  Ventralb. 
f.  Bakt.,  1901,  xxix,  447. 
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excitable.  Abdomen:  symmetrical  respiratory  movements  are  present 
throughont  the  whole  abdomen.  Upon  deep  inspiration  he  complains 
of  pain  in  the  upper  right  quadrant.  The  urinary  bladder  is  not  dis- 
tended. There  is  no  dulness  in  the  flanks.  Liver  dulness  begins  at 
the  6th  rib  in  the  mammillar}^  line  of  the  abdomen.  Midway  between 
the  median  line  and  the  umbilicus,  dulness  proceeds  8  cm.  below  the 
costal  margin.  On  palpation  the  left  side  of  the  abdomen  is  soft  and 
there  is  no  tenderness  and  no  rigidity  of  the  rectus  muscle  in  its  lower 
half.  Above  tlie  umbilicus,  however,  the  rectus  is  rigid  and  pressure 
causes  the  patient  to  wince.  The  lower  part  of  the  right  rectus  is  also 
relaxed,  but  there  is  slight  tenderness  on  deep  pressure.  In  the  right 
iliac  fossa,  as  throughout  the  whole  right  abdomen,  there  is  some  ten- 
derness with  resistance  on  deep  pressure.  There  is  no  muscular  spasm 
in  this  region.  As  the  upper  right  quadrant  is  approached,  tenderness 
becomes  more  marked,  rigidity  greater,  and  just  above  the  umbilicus 
pressure  on  the  rectus  caiises  the  patient  to  cry  out.  Over  the  dull  area 
there  is  definite  muscle  spasm  and  great  rigidity  of  the  muscles,  and  this 
spasm  likewise  extends  to  the  rectus  above  the  umbilicus  and  to  the  other 
abdominal  muscles  around  the  margin  of  the  duU  area.  No  definite 
mass  can  be  felt  beneath  the  area  of  muscle  spasm.  Tenderness  extends 
into  the  right  flank,  but  the  percussion  note  is  resonant.  No  tenderness 
exists  in  either  lumbar  region. 

There  are  no  signs  of  hernia.  The  genitalia  are  negative.  Rectal 
examination  shows  no  tenderness  and  no  mass.  Rectal  temperature 
104°  F.  Pulse  100  per  minute.  Respiration  34  per  minute.  Leuco- 
cytes 36,600. 

Evening  note,  9  P.  il.:  Patient  has  complained  of  pain  in  riglit  side 
of  the  abdomen  throughout  the  afternoon  and  says  that  he  feels  worse 
than  upon  admission.  Temperature  by  mouth  at  8  P.  M.,  105.8°  F. ; 
by  rectum  at  present,  10.5.4°  F.  Pulse  between  100-120  per  minute, 
leucocytes  7000.  Patient  looks  worse.  Face  is  flushed;  skin  hot;  no 
nausea  and  no  vomiting. 

Abdomen. — Respiratory  movements  present.  There  is  slight  disten- 
sion. Tenderness  has  increased  throughout  the  right  side  and  tlio  area 
of  muscle  spasm  has  extended  further  down  the  rectus  and  also  further 
downward  and  outward  in  the  right  abdomen.  There  is,  however,  no 
general  tenderness  or  spasm.  The  area  of  dulness  seems  to  have  de- 
creased  (probably  due  to  increased  distension). 

October  7.  Patient's  temperature  is  still  high,  between  103°-10r)°  F. 
There  is  less  pain  and  tenderness  in  the  abdomen.     Leucocytes  8000. 
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October  8.  The  patient  seems  more  comfortable  to-day.  Leucocytes 
at  11  A.  M.,  8000;  at  10  P.  M.,  16,000.  Pulse  98-100.  Temperature 
at  2  A.  M.,  100.5° ;  at  10  A.  M.,  103.5°.     Gruber-Widal  test,  negative. 

October  9.  Abdomen  looks  normal.  Peliomata  striking.  There  is 
no  special  tenderness  present.  Abdominal  walls  are  held  tense,  espe- 
cially over  region  of  the  gall-bladder,  so  that  it  is  difficult  to  palpate. 

Leucocytes  at  11  A.  M.,  20,000. 

Leucocytes  at  3  P.  M.  (before  operation),  19,000. 

Leucocytes  at  5  P.  M.  (immediately  after  operation),  22,000. 

Note  by  Dr.  Mitchell  at  3  P.  M. :  During  the  last  21  hours  there  has 
been  a  marked  change  in  the  patient's  mental  condition,  more  or  less 
delirium  having  developed  accompanied  with  mental  dulness.  He  re- 
sponds intelligently  to  questions,  but  seems  much  more  stupid  than  on 
admission.  Dr.  Halsted  saw  the  patient  at  1  P.  M.  and  advised  opera- 
tion. Percussion  by  Dr.  Halsted  showed  the  area  of  dulness  to  be 
exactly  as  it  was  upon  admission.  Otherwise  there  is  little  change  since 
yesterday.  The  abdominal  condition  has  cleared  up  markedly  since 
admission,  muscle  spasm  having  disappeared,  leaving  only  the  dulness 
and  a  lessened  degree  of  tenderness.  The  bowels  have  moved  freely  and 
unaccompanied  by  vomiting.    Temperature  has  been  irregular,  but  high. 

Operation  by  Dr.  Mitchell. — Exploratory  laparotomy  under  Schleich's 
solution  plus  morphia  gr.  -J.  Demonstration  of  multiple  abscesses  in 
the  liver.  General  anaesthesia.  Rupture  of  abscesses  on  under  surface 
of  liver  near  the  gall-bladder.  Packing  off  with  bismuth  gauze.  Ap- 
pendix negative.  Four  abscesses  opened  and  cultures  taken.  Iodoform 
gauze  drain  inserted.     Partial  closure  with  silver  wire. 

Under  Schleich's  solution  an  exploratory  incision  was  made  through 
the  right  rectus  muscle.  A  little  clear  fluid  was  seen  in  the  peritoneal 
cavity  and  cultures  were  made.  General  anaesthesia  was  induced  for 
exploration,  as  great  pain  was  caused  by  touching  the  liver  or  parietal 
peritoneum. 

The  area  of  dulness  was  found  to  be  due  to  a  large  right  lobe  of  the 
liver.  The  left  lobe  projected  beyond  the  median  line.  The  liver  was 
large,  its  edges  thin.  The  area  of  muscle  spasm  was  indicated  by  an 
injected  haemorrhagic  condition  of  the  parietal  peritoneum.  On  the 
surface  of  the  liver  several  abscesses  were  seen,  measuring  1-3  cm.  in 
diameter.  One  of  these  on  the  left  lobe  was  fluctuant,  its  surface  bright 
yellow.  About  it  was  some  fibrin  as  in  fibrinous  peritonitis.  In  the 
right  lobe  were  several  other  abscesses. 

The  liver  was  packed  off  and  the  abdominal  cavitj-  explored.     The 
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appendix  seemed  normal.  The  intestines  were  pale  and  distended. 
There  was  nothing  to  suggest  primary  infection.  In  exploring  the 
liver  ducts,  pus  was  seen  escaping  from  the  lower  surface  of  the  liver 
near  the  cA'stic  duct,  and  was  found  to  flow  from  an  abscess  on  the 
under  surface  of  the  liver  which  had  probably  ruptured  during  manipu- 
lation. There  were  about  two  ounces  of  thin,  foul,  bright-yellow  pus 
which  was  followed  by  yellow  necrotic-looking  material.  The  abscess 
cavity  was  packed  with  a  piece  of  iodoform  gauze  to  protect  the  intes- 
tines. The  gall-bladder  was  not  distended  and  contained  no  stones.  Its 
ducts  were  not  explored  further  but  were  probably  patent,  as  the  gall- 
bladder seemed  to  empt\'  itself  during  manipulation. 

Bismuth  gauze  packing  was  now  placed  around  the  lower  surface  of 
the  liver  and  peritoneum  above.  The  abscesses  in  the  left  lobe  were 
incised  and  from  three  drams  to  one  ounce  of  thin,  foul,  pale-yellow  pus 
with  fiocculent  necrotic  masses  evacuated  from  each.  A  clamp  could  be 
passed  into  the  substance  of  the  liver  to  a  distance  of  5-10  cm.  The 
liver  seemed  as  a  whole  very  soft.  A  strip  of  iodoform  gauze  was  placed 
in  each  abscess.  J^o  other  abscesses  were  seen,  but  the  finger  could  detect 
uneven  places  on  the  surface  of  the  liver  beneath  the  ribs. 

The  abdomen  was  partially  closed  with  mattress  sutures  of  silver  wire 
in  the  muscle,  and  with  subcutaneous  silver  wire  sutures. 

October  10.  Patient  has  been  fairly  comfortable  since  operation. 
Temperatiire  has  ranged  between  99°  and  105°.  This  afternoon  patient 
had  a  chill  and  temperature  rose  from  103.6°  to  105°.  Pulse  9(1  per 
minute.  General  condition  about  the  same  as  before  operation.  Leu- 
cocytes at  11  A.  M.,  24,000;  at  4  P.  M.,  8600. 

October  11.  8.30  A.  M.,  leucocytes  16,800;  5.30  P.  M.,  leucocytes 
21,000. 

Patient  was  redressed ;  the  dressings  were  soaked  through  with  a 
sanguino-purulent  discharge.  Temperature  has  ranged  from  102-104.6°. 
He  has  been  drowsy,  at  times  very  restless  and  anxious  to  go  home.  Con- 
junctivae still  yellow,  and  the  skin  over  the  whole  body  has  a  slight  yellow 
tinge.  Patient  has  constant  thirst.  He  talks  rationally  at  times,  but 
more  often  is  decidedly  irrational. 

October  12  and  13.  Patient  has  grown  weaker  and  this  morning 
(October  13)  can  hardly  be  aroused.  Temperature  102.8°.  Pulse  120 
and  very  weak.  Respirations  52  per  minute.  Extremities  are  cold  and 
cyanoscd.  Dj'spnoea  is  quite  marked.  General  condition  much  worse. 
The  jaundice  has  increased.  Tremor  still  very  marked.  Doatl)  at  3.30 
P.  M. 
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Autopsy  No.  160S. — Pathological  Report. — The  autopsy  was  per- 
formed by  Dr.  Eugene  Opie  on  October  13,  1900,  at  8.30  P.  M.,  the 
body  having  been  dead  five  hours.     An  abstract  only  is  given  here. 

Anatomical  Diagnosis. — Multiple  abscesses  of  liver,  lungs  and 
spleen.  Jaundice.  Localized  fibrinous  pleurisy.  Enlargement  and 
hyperaemia  of  portal  and  retroperitoneal  lymph-glands.  Laparotomy 
wound  below  right  costal  margin,  packed  with  gauze  and  extending 
to  the  surface  of  the  liver.     Aciite  interstitial  nephritis. 

The  body  is  that  of  a  large,  muscular  man,  173  cm.  in  length.  Eigor 
mortis  is  present.  The  skin  of  the  entire  body  has  a  fairly  deep  yellow 
hue.  Below  the  right  costal  margin  is  a  linear  incision  longitudinally 
disposed  into  which  pass  a  large  number  of  gauze  strips,  separated  from 
the  edges  of  the  wound  by  rubber  protective.  Subcutaneous  fat  is 
abundant. 

Peritoneal  Cavity. — It  contains  no  excess  of  fluid.  The  general  peri- 
toneal surface  is  smooth.  The  gauze  drains  referred  to  pass,  a  few  over 
the  upper  surface  of  the  liver  a  short  distance,  the  majority  to  the  lower 
surface  between  the  liver  and  the  gall-bladder  and  colon  with  its  mesen- 
tery, and  are  firmly  adherent  to  the  surfaces  with  which  they  are  in 
contact.  These  tissue  surfaces  are  dull  and  in  places  of  a  black  color. 
Strips  of  gauze  enter  three  small  cavities  in  the  liver. 

The  large  intestine  is  considerably  distended.  The  appendix  lying 
in  the  right  iliac  fossa  is  free  of  any  adhesions. 

Thorax. — The  pleural  cavities  contain  no  excess  of  fluid.  The  lungs 
are  retracted  after  removal  of  the  sternum.  The  pericardial  cavity  is 
normal. 

The  Lungs. — Left  Lung. — In  general  the  surface  is  smooth  and  of  a 
mottled  gray  and  black  color.  The  pleura  over  the  external  surface  of 
the  lower  lobe,  near  the  posterior  border,  is  dull  and  in  places  covered 
with  a  thin  layer  of  fibrin.  About  the  middle  of  this  surface  is  a  round 
projecting  area  about  3  cm.  in  diameter;  its  center  is  of  a  conspicuous 
bright-yellow  color  from  which  extend  outward  irregular  anastomosing 
lines  of  the  same  color  (distended  lymphatics).  About  the  yellow  center 
is  a  wide  area  of  a  deep  red  color.  On  section,  the  tissue  below  the  yellow 
and  red  surfaces  is  firm  and  consolidated.  The  yellow  central  portion 
is  quite  irregular  in  shape;  at  one  point  it  has  softened  and  there  is  a 
small  cavity  containing  thin  yellow  fluid. 

Near  the  basal  edge  of  the  lung  are  two  smaller  lesions  similar  in  char- 
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aeter  to  that  just  described,  the  larger  about  1  cm.  across;  in  neither  has 
the  bright  yellow  portion  softened.  The  remainder  of  the  lung  is  crepi- 
tant, drj-  on  section,  and  slightly  bile-stained.  The  bronchi  contain  a 
moderate  amount  of  tenacious  somewhat  blood-stained  mucus.  The 
bronchial  lymph-glands  are  slightly  enlarged,  soft  and  of  a  red-black  color. 

Right  Lung. — This  differs  biit  little  from  the  left.  Over  the  external 
surface  of  the  lower  lobe  near  the  posterior  border,  the  surface  is  dull  and 
covered  in  places  with  a  small  amount  of  fibrin.  Xear  the  basal  edge  is 
a  lesion  similar  to  that  already  described  in  the  left  lung.  The  central 
bright-yellow  area,  about  1.5  cm.  across,  is  very  irregular  in  shape  and 
not  softened.  Irregular  lines  extend  outward  from  it  below  the  pleura. 
The  lymphatic  glands  are  larger,  but  resemble  those  of  the  left. 

Liver. — Weight  4090  grni.  The  organ  is  of  very  large  size.  In 
general  the  surface  is  smootli,  but  is  studded,  particularly  over  the  upper 
surface  of  the  right  lobe,  by  low  boss-like  projections  whose  center  is  a 
conspicuous  bright-j-ellow  color,  about  which  is  a  wide  irregular  zone  of 
very  deep-red  color.  The  surface  between  is  of  a  deep-red  tint  but  not 
so  deep  as  that  about  the  yellow  areas. 

The  anterior  third  of  the  upper  surface  of  the  right  lobe  is  in  very  large 
part  occupied  by  bright-yellow  areas  often  confluent,  between  which  the 
surface  is  of  a  very  deep-red  color.  On  section  through  the  projecting 
areas,  one  finds  that  they  represent  abscess  cavities  in  the  substance  of 
the  liver,  surroimded  by  a  zone  of  very  deep  injection.  Though  the)'  vary 
verr  much  in  size  (see  Plate  XLII),  the  usual  diameter  of  the  central 
yellow  portion  is  about  2  cm. ;  the  zone  of  injection  varies  greatly  and  is 
often  continuous  between  adjacent  cavities.  A  narrow,  irregular,  somewliat 
convoluted  zone  of  solid  bright  opaque-yellow  material  surrounds  a  cavity 
containing  thin,  slightly  turbid  fluid.  The  formation  of  these  abscesses 
appears  to  bear  a  definite  relation  to  the  liver  lobulation.  In  the  right 
lobe  where  abscess  formation  occupies  a  large  proportion  of  the  substance 
of  the  liver,  in  the  hypcraemic  tissue  abutting  upon  the  abscesses  cor- 
responding to  the  lobules  are  minute  bright-yellow  areas  of  opaque  appear- 
ance, in  the  center  of  which  is  the  section  of  a  small  vessel.  These 
minute  areas  are  separated  by  tissue  of  red  color  in  which  also  on  careful 
examination  can  be  seen  a  vessel  cut  across  or  longitudinally.  The 
yellow  zone  apparently  increases  in  size,  and  other  areas  are  made  up  of 
small  rounded  areas  about  2  or  3  mm.  across,  composed  of  somewhat 
soft  j-ellow  tissue  and  separated  by  red  lines.  Finally  the  central  por- 
tion of  such  a  collection  of  small  foci  softens  and  the  larger  abscess 
cavities  with  irregular  walls  are  thus  apparently  formed.  In  one  part 
an  abscess  abutted  upon  and  eroded  a  large  branch  of  the  hepatic  vein. 
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In  the  relatively  normal  portions  of  the  liver,  lobulation  is  well  marked ; 
the  tissue  is  bile-stained  and  greenish. 

Gall-bladder. — The  surface  is  rough,  having  been  in  contact  with  the 
gauze  packing.  The  wall  is  somewhat  thicker  than  usual.  It  contains 
translucent  viscid  bile.     The  gall-ducts  are  normal. 

No  abnormality  of  the  hepatic  artery  or  portal  vein  was  discoverable. 
In  the  gastro-hepatic  omentum  are  several  lymphatic  glands  about  1  cm. 
in  diameter,  soft,  succulent,  and  on  section  of  a  dull  red  color. 

Spleen. — Weight  190  grm.  Upon  the  anterior  edge  an  opaque- 
yellow,  slightly  raised  area,  measuring  0.5  cm.,  occurs.  This  area  on 
section  proved  to  be  an  abscess  surrounded  by  a  deep-red  zone  of  splenic 
tissue. 

Intestines. — Duodenum  and  jejunum  are  normal.  The  lowermost  100 
cm.  of  the  ileum  show  well-marked  injection  of  the  blood-vessels,  giving 
a  red  color  which  is  most  intense  in  the  neighborhood  of  the  ileo-caecal 
valve.  PcA'er's  patches  and  solitary  follicles  are  normal.  Appendix  and 
colon  are  normal. 

Kidneys. — Combined  weight  450  grm.  The  two  organs  resemble 
each  other  closely.  The  capsule  comes  away  readily,  leaving  a  smooth 
yellow-gray  surface  upon  which  can  be  seen  minute  red  areas.  The  organs 
are  firm  in  consistence.  The  cortex  is  7  mm.  thick,  and  is  pale  gray 
with  a  yellowish  tinge  (jaundice) .  Striae  are  visible.  Malpighian  bodies 
are  conspicuous.  The  mucous  membrane  of  the  pelvis  is  stained  yellow, 
and  below,  here  and  there,  ecchymoses  occur. 

The  splenic,  superior  mesenteric  and  portal  veins  when  cut  open  show 
no  abnormality. 

Microscopical  Examination  of  Hardened  Tissues. — Liver. — There  is  a 
general  dilatation  of  the  capillaries  with  blood,  more  especially  in  and 
around  the  central  vein,  where  the  liver  cells  are  swollen,  hyaline,  and 
without  nuclei.  There  is  a  general  leucocytosis  present  and  occasionally 
can  be  seen  small  clumps  of  polymorphonuclear  leucocytes,  some  of  which 
show  fragmentation  or  distortion  of  their  nuclei.  Large  mononuclear 
cells  are  to  be  found  here  and  there,  resembling  those  described  by  Mallory 
as  being  present  in  the  blood  in  typhoid  fever.  They  evidently  are 
phagocytic,  as  they  contain  nuclear  protoplasm.  In  the  capillaries 
certain  material  is  met  with  at  times  which  stains  with  haematoxylin  and 
imder  the  immersion  lens  is  found  to  be  composed  of  bacteria. 

The  chief  lesions  present  are,  however,  smaller  or  larger  areas  of 
necrosis.  If  large,  their  outlines  tend  to  be  lobulated  in  character,  and 
if  small,  they  have  a  rounded  appearance.  These  necrotic  areas  are  made 
36 
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up  of  three  zones,  (a)  an  outer,  of  varying  width,  which  may  occasionally 
be  wanting,  made  up  of  polymorphonuclear  leucocytes;  (b)  a  middle  zone, 
usually  narrow,  composed  of  irregular  or  round  masses  of  small  size, 
homogeneous  and  taking  the  haematoxylin  stain,  and  under  very  high 
power  these  are  seen  to  be  made  wp  of  bacteria;  (c)  an  inner  or  central 
zone  consisting  of  necrotic  liver  cells  and  leucocytes  whose  outlines  can 
only  be  indistinctly  seen,  and  odd  clumps  of  bacteria.  This  central  zone 
stains  intensely  with  eosin.  Quite  often  the  dead  areas  of  one  lobule  fuse 
with  those  of  others  leading  to  the  formation  of  large  irregularly-shaped 
masses  of  necrotic  liver  substance. 

As  regards  the  anatomical  origin  of  these  necroses,  it  would  seem  that 
they  arise  close  to  the  central  vein  (rarely  within,  unless  by  the  lodge- 
ment of  a  bacterial  thrombus),  and  at  times  in  the  middle  third  of  a 
lobule.  Xow  and  then  areas  of  necrosis  are  discovered  apart  from  the 
presence  of  bacteria  as  far  as  can  be  seen  in  the  sections. 

Xowhere  is  there  any  appearance  of  repair,  the  process  being  an  acute 
one. 

Lung. — The  section  contains  an  abscess  similar  in  character  to  the 
larger  ones  in  the  liver,  namely,  wide  necrotic  areas  surrounded  by  a  zone 
of  polymorphonuclear  leucocytic  intiltration ;  leucocytes  occupy  alveoli. 
The  surrounding  tissue  shows  engorgement  of  blood-vessels  and  infiltra- 
tion with  red  blood  corpuscles.  A  bacterial  thrombus  is  seen  at  one  por- 
tion of  the  periphery  of  a  vein. 

Spleen. — The  organ  contains  a  similar  abscess.  The  zone  of  necrosis 
is  very  wide  and  at  the  periphery  there  is  an  abundant  blue  staining 
material  (bacteria?) ;  the  zone  of  leucocytes  is  very  narrow.  The  pulp 
is  distended  with  blood ;  the  small  vessels  are  dilated. 

Kidneys. — In  many  small  areas,  particularly  about  the  vessels  between 
cortex  and  pyramid,  are  areas  in  which  the  interstitial  tissue  is  infiltrated 
with  round  and  plasma  cells.  The  cells  of  the  tubules  are  large,  sharply 
outlined  and  granular. 

Bacteriological  Beport  of  the  Autopsy. — At  the  autopsy,  plate  cul- 
tures were  made  in  plain  agar  from  the  blood  of  the  heart,  the  liver, 
liver  abscesses,  spleen,  kidney  and  peritoneal  cavity.  The  plates 
were  placed  in  the  thermostat  at  36.5°  C,  left  for  24  hours  and 
examined.  All  were  found  to  be  grossly  contaminated  by  a  variety 
of  B.  subtilis,  due  no  doubt  to  imperfect  previous  sterilization  of  the 
plates.     Later  on,  a  second  series  of  plates  was  made  in  Ixith  ])lain 
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and  liydrocele-fliiid  agar  from  the  abscesses  in  the  liver,  and  grown 
aerobically  and  in  a  hydrogen  atmosphere  at  30.5°  C.  for  48  hours. 

A  rabbit  was  likewise  inoculated  intravenously  with  0.4  cc.  of  the 
purulent  content  of  one  liver  abscess. 

The  inoculated  plates  containing  both  media  which  were  groAvn 
aerobically  were  sterile  at  the  end  of  48  hoiirs.  The  anaerobic  plates 
were  not  examined  until  the  end  of  72  hours  when  it  was  found  that 
all  the  plain  agar  plates  were  sterile,  while  of  those  containing  hydro- 
cele-fluid  agar,  the  first  plate  alone  gave  three  foci  of  growth. 

Description  of  the  Colonies. — Arising  from  each  of  the  three 
small  shreds  of  necrotic  tissue  could  be  seen  a  small  zone,  about 
5  mm.  in  diameter,  of  minute  white  colonies,  wholly  lying  in  the 
depths  of  the  medium. 

These  zones  were  found  on  weak  magnification  to  be  made  up 
of  more  or  less  oval  and  round  colonies  presenting  a  finely  broken- 
glass  appearance.  In  color  they  were  light  brown-yellow,  and  they 
were  translucent  and  quite  smooth  in  contour. 

Cover-slip  Preparations. — Stained  ])reparations  showed  the  colo- 
nies to  be  made  up  of  bacilli,  small  but  variable  in  length  and  thick- 
ness and  having  roimded  ends.  They  occur  singly,  in  pairs  and 
in  short  chains,  the  latter  often  resembling  streptococci.  Treated 
by  Gram's  method  they  become  decolorized,  and  no  spores  were 
discovered.  From  the  plates,  plain  and  hydrocele-fluid  agar  tubes 
were  inoculated  and  grown  in  air  and  in  an  atmosphere  of  hydro- 
gen. Colonies  developed  in  the  latter  tubes  kept  anaerobically  which 
showed  on  cover-slips  bacilli  identical  in  lanrphology  with  those 
present  in  the  contents  of  the  liver  abscess.  The  bacilli  stain 
readily  in  carbol-fuchsin  and  aniline  gentian  violet. 

Bacterioscopic  Examination  of  Contents  of  Liver  and  Spleen 
Abscesses. — Liver. — Considerable  numbers  of  polymorphonuclear 
and  mononuclear  leucocytes  were  present  amongst  which  vast  niimbers 
of  bacteria  were  scattered.  Apparently  one  type  of  bacteria  only  oc- 
curred, which  was  of  a  rod  form  for  the  most  part,  although  coccus- 
like forms  have  been  noted.  The  bacilli  varied  in  length,  less  so  in 
breadth;    some  seemed  almost  the  size  of  typhoid  bacilli,  whilst  the 
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majority  were  much  more  miniite.  Occasionally  one  saw  forms 
with  slightly  swollen  ends,  which  at  times  stained  heavily;  more 
rarely,  short  filamentous  forms  were  to  he  seen,  and  also  curved  rods. 
No  spores  were  noticed,  although  beaded  appearances  were  often 
seen,  resembling  B.  tuberculosis.  Appearances  suggestive  of  branch- 
ing were  noted  at  rare  intervals.  The  organisms  decolorized  quite 
readily  by  Gram's  method  of  staining  and  were  devoid  of  spores. 

Spleen. — Owing  to  possible  over-heating  during  fixation,  the  organ- 
isms, which  were  present  in  countless  numbers,  stained  poorly  and 
were  swollen  and  slightly  refractile.  In  consequence  they  were 
coarser  in  appearance  than  those  from  the  liver  abscess  and  more 
definite  and  numerous  coccus-like  forms  appeared. 

Fresh  pus  diluted  with  Dunham's  solution  was  examined  as 
a  hanging  drop.  No  independent  motility  could  be  observed,  but 
browTiian  movement  was  active. 

Study  of  the  Bacillus  in  Pure  Cullnrc. — Since  it  was  found  thnt 
the  organism  was  not  able  to  grow  u})on  any  of  the  ordinary  culture 
media  except  when  human  blood  or  serum  wore  present,  placental 
blood  or  hydrocele-fluid  was  added  to  such  media  when  possible,  and 
the  cultural  characters  of  the  bacillus  studied  under  those  conditions. 
To  avoid  the  danger  of  working  with  mixed  cultures  from  the 
original  plate,  the  organisms  obtained  from  that  source  were  at  once 
plated  both  in  plain  and  hydrocele-fluid  agar  and  brought  under 
aerobic  and  anaerobic  conditions  for  72  hours  at  36.5°  C.  At  the  end 
of  that  period  no  growth  whatsoever  was  obtained  in  the  aerobic 
plates,  while  multiplications  occurred  only  on  the  anaerobic  hydro- 
cele-fluid agar  cultures. 

Appearance  of  Colonies. — To  the  naked  eye  all  the  surface  colonies 
presented  the  appearances  of  small  colon  bacillus  colonics,  being 
about  1-2  mm.  in  diameter.  Under  the  microscope  the  surface  col- 
onies were  yellow-brown,  coarsely  granular,  somewhat  reticulated, 
nucleated,  rather  thick  at  centers,  delicately  fringed,  translucent  and 
with  regular  ])eripheries.  The  deep  colonies  were  small,  oval,  roimd, 
triangular  or  irregular  in  shape,  dark-brown  in  color,  granular  and 
translucent.    The  odor  of  plates  was  decidedly  and  ofFcnsively  faecal. 
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Morphology. — The  form  of  the  organisms  proved  to  be  identical 
with  those  obtained  from  the  pus  of  the  abscesses  and  the  original  plate 
culture. 

Subcultures  were  made  as  before  and  only  those  were  positive  which 
were  made  on  hydrocele-fluid  agar  and  grown  either  in  a  hydrogen 
atmosphere  or  according  to  the  method  of  Buchner.  It  was  noted 
that  growth  was  equally  good  and  rapid  whether  incubated  in  hydro- 
gen or  in  an  atmosphere  froiu  which  the  oxygen  had  been  absorbed 
by  alkaline  ])vrogallic  acid. 

Depending  upon  the  density  of  the  agar,  variations  in  appearance 
of  colonies  could  be  obtained.  If  the  agar  were  thin,  it  was  noted 
that  a  deep  colony  would  be  surrounded  by  a  swarm  of  much  smaller 
ones.  This  effect  was  less  noticeable  in  surface  colonies,  but  if  the 
agar  was  denser  no  such  radiating  effect  took  place. 

The  general  ciiltural  characters  of  the  bacillus  are  set  down  in 
Table  I. 

Further  Biological  Characters  of  the  Bacillus. — Although  a  com- 
plete study  of  all  the  biological  characters  of  the  bacillus  could  not 
be  carried  out,  certain  observations  were  made  which  deserve  to  be 
mentioned. 

Viability. — One  plate  culture  sixteen  days  old  was  no  longer 
capable  of  transplantation,  but,  as  a  rule,  it  was  found  that  most 
colonies  on  other  plates  died  out  at  the  end  of  a  week.  Tube  cultures 
gave  better  results  under  certain  conditions.  It  was  found  that  deep 
stab  cultures  lived  much  longer  than  streak  cultures,  that  is,  when 
both  were  left  exposed  to  the  air  after  growing  48  hours  in  hydrogen. 
For  example,  one  stab  culture  was  found  viable  at  the  end  of  42 
days,  another  at  21  days,  but  of  four  tubes  16  days  old,  only  one  gave 
positive  results  on  subculture.  Streak  cultures  had  usually  short 
lives;  of  two  cultures  three  days  old,  one  only  survived,  but  another 
culture  four  days  old  still  gave  subcultures.  It  woiild  have  been 
interesting  had  these  experiments  been  made  under  continuous  ex- 
posure to  hydrogen,  as  the  comparison  between  deep  stab  cultures 
and  streak  cultures  when  kept  exposed  to  the  air,  showed  such  great 
difference  in  length  of  viability  that  it  seems  probable  that  the  oxy- 
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gen  of  the  air  exerted  no  feeble  bactericidal  influence  upon  the 
bacilli. 

The  organism,  too,  finally  developed  a  tendency  towards  repro- 
ductive enfeeblement,  as  subculture  succeeded  subculture,  so  that  it 
became  more  and  more  difficult  to  induce  it  to  grow,  and,  at  last,  it 
died  out  at  the  twenty-third  generation. 

Thermal  Death-Point. — The  tests  were  carried  out  with  a  vigorous 
hydrocele-fluid  broth  culture  three  days  old,  by  introducing  small 
quantities  into  small  Sternberg  bulbs  and  enclosing  the  bulb  in  a 
fine-mesh  wire  box,  immersing  it  completely  in  water  at  a  given 
temperature  and  constantly  keeping  it  moving,  at  the  same  time 
carefully  keeping  the  temperature  even.  After  exposure,  the  con- 
tents of  the  biilb  were  expelled  into  tubes  of  hydrocele-fluid  agar 
and  plated,  then  incubated  for  four  days  in  hydrogen  at  36.5°  C. 
A  control  from  the  broth  culture  was  also  made  subject  to  the  same 
technique,  excepting,  of  course,  any  exposure  to  heat  beyond  that 
required  to  expel  the  contents  from  the  bulb.  The  resiilts  were  as 
follows : 

Exposure.  Result. 

5  minutes  at  .50°  C =  Positive,  15  colonies. 


.55°' 
60° 
65° 
50° 
55° 


Negative. 


Control =  Innumerable  colonies. 

Hence,  a  five-minute  exposure  at  55°  C.  was  regarded  as  the  thermal 
death-point  of  the  bacillus. 

Toxin  Production. — An  attempt  was  made  to  determine  whether 
the  organism  yielded  soluble  toxins  or  not.  To  this  end,  550  cc.  of 
dextrose-free  broth,  made  according  to  the  directions  of  Theobald 
Smith,  of  a  reaction  of  .5  +>  were  mixed  with  185  cc.  of  hydrocele 
fluid  under  aseptic  precautions  and  poured  into  a  Fernbach  flask 
and  incubated  for  48  hours  at  36.5°  C.  Being  found  sterile  the  fluid 
was  now  inoculated  by  emptying  intfi  it  the  whole  of  a  hydrocele-agar 
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culture  of  the  bacillus  obtained  from  the  liver  of  Rabbit  VI.  Hydro 
gen  gas  was  then  passed  throngli  the  flask  for  three-quarters  of  an  hour 
and  the  flask  was  placed  in  the  thermostat.  At  the  end  of  24  hours 
the  growth  was  tolerably  abundant,  and  upon  the  fourth  day  it  was 
very  heavy,  appearing  as  a  slimy,  gray-white  layer  on  the  bottom  of 
the  flask  and  clouding  moderately  and  diffusely  the  supernatant  fluid. 
AVhen  thirteen  days  old  the  culture  was  filtered  through  a  Pasteur- 
Chamberland  filter.  The  filtrate  was  fovind  upon  titrating  a  por- 
tion to  have  a  reaction  of  0.85  +,  being  an  increase  in  acidity  of 
0.35.  A  rabbit  was  given  1  cc.  of  this  filtrate  intravenously,  and 
during  a  period  of  sixteen  days  during  which  it  was  vmder  my  o^vn 
observation  the  animal  showed  no  symptoms.  Twelve  days  later  the 
animal  was  found  dead,  but  owing  to  the  carelessness  of  an  attendant 
its  death  was  not  reported.  It  would  appear  from  this  experiment 
that  no  active  soluble  toxin  was  produced. 

Production  of  Sulj}hides. — Diiring  the  attempt  to  find  a  soluble 
toxin  it  was  thought  best  to  renew  the  anaerobic  condition  in  the  flask 
by  passing  fresh  hydrogen  through  the  culture.  As  soon  as  an  open- 
ing was  made  a  most  foul-smelling  outrush  of  gas  occurred,  and  so 
powerful  was  the  stench  that  it  could  be  easily  detected  throughout 
the  building  in  which  the  experiment  was  being  carried  on.  Sus- 
pecting the  existence  of  sulphides,  a  test  was  made  for  their  presence 
in  the  escaping  gas,  and  a  piece  of  filter  paper  soaked  in  a  weak 
aqueous  solution  of  lead  acetate  was  very  quickly  turned  a  deep  brown 
color,  thus  giving  positive  evidence  of  their  presence.  As  a  control  to 
this  a  similar  piece  of  paper  was  held  in  the  stream  of  hydrogen  from 
the  generator  for  two  minutes  withoiit  showing  the  least  trace  of  dis- 
coloration. ^Yhen  filtered,  the  filtrate  gave  no  evidence  of  sulphides  in 
solution  when  lead  acetate  paper  was  soaked  in  it.  The  gas  collected 
in  fermentation  tubes  also  gave  positive  tests  for  sulphides,  the 
atmosphere  of  the  culture  having  been  nitrogen. 

Fermentation. — Having  previously  noted  the  constant  appearance 
of  gas  in  hydrocele-fluid  agar  made  up  with  dextrose-free  broth,  an 
attempt  was  made  to  find  out  how  active  this  fermentation  might  be, 
and  what  was  the  composition  of  the  gas.     Three  fermentation  tubes 
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were  filled  with  hydrocele-bouillon  whose  reaction  was  0.1  +,  and 
inoculated  with  the  organism  from  an  active  culture,  and  incubated 
four  days  in  a  Buchner  jar.  In  each  tube  1  cm.  of  the  upper  part 
of  the  branch  was  occupied  bv  gas,  whose  composition  when  roughly 

estimated  was  Yori  '^^though  with  this  was  mixed  a  gaseous 
sulphide,  presumably  hydrogen  sulphide,  as  shown  by  lead  acetate 
paper.  ^Yhat  was  the  fermentescible  substance  present  in  the  bouil- 
lon ?  As  the  sugar,  it  was  believed,  has  been  quite  removed  from  the 
meat  extract  by  previous  fermentation  with  B.  coli,  it  seems  not  un- 
reasonable to  consider  that  the  gas  was  produced  from  proteid, 
especially  as  it  was  sulphur-containing.  An  analogous  condition  is 
seen  in  the  abundant  gas  formation  in  dextrose-free  broth  by  the 
action  of  Bacillus  aerogenes  capsulatus. 

It  might  be  mentioned  that  egg-cultures  could  not  be  obtained, 
although  twice  attempted. 

Optimum  litre  of  media. — Several  tests  were  made  and  it  was 
found  that  the  degree  of  acidity  recommended  by  the  Bacteriological 
Committee  of  the  American  Public  Health  Association,  namely,  1.5, 
was  too  great  and  a  growth  was  diiScult  to  obtain  in  a  medium  of 
that  reaction,  while  the  organism  flourished  most  vigorously  iu 
media  between  0.5  and  0.1  acid. 

Animal  Inoculations. — As  previously  stated,  a  rabbit  was  inocu- 
lated intravenously  with  0.4  cc.  of  pus  from  one  of  the  abscesses  in 
the  liver  of  the  human  cadaver.  This  animal  died  in  seventeen 
hours  and  showed  no  naked-eye  lesions,  and  ciiltures  from  it  were 
negative;  yet  the  histological  examination  of  the  liver  showed  inter- 
esting changes  which  will  be  mentioned  later  on. 

With  pure  cultures  of  the  bacillus  further  inoculations  were  car- 
ried out  upon  rabbits,  guinea-pigs  and  mice  with  results  which  prac- 
tically reproduced  in  many  of  the  animals  the  hepatic  lesions  found 
in  the  human  case,  the  organism  seeming  to  exercise  a  selective  action 
u|)on  tlie  liver  when  introduced  into  the  blood  directly  or  through 
the  abdominal  cavity.  The  results  of  this  series  of  inoculations  are 
given  in  the  following  table: 
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The  gross  pathological  appearances  following  upon  the  inocula- 
tion of  the  animals  were  so  uniform  that  it  seems  preferable  to  give  a 
composite  description  of  the  results,  rather  than  to  enter  into  the 
details  found  in  each  animal.  Due  mention  will,  of  course,  be  made 
of  any  peciiliar  conditions  existing. 

After  intravenous  and  intraperitoneal  inoculations  in  rabbits  there 
was  rapid  emaciation.  The  chief  pathological  effects,  however,  were 
noted  in  the  peritoneum,  liver  and  spleen. 

The  peritoneal  cavity  showed  in  some  cases  an  acute  fibrino-puru- 
lent  or  sero-fibrino-piirulent  inflarmnation.  The  small  and  great 
intestines  were  glued  together  and  attached  to  the  liver,  stomach  and 
spleen  by  f.brinous  adhesions,  while  at  times  a  collection  of  blood- 
stained turbid  fluid,  in  which  floated  small  masses  of  coagvilated 
lymph,  appeared  in  the  dependent  parts.  The  vessels  of  the  peri- 
toneum every^vhere  were  deeply  injected,  but  the  glossy  character  of 
the  tissue  was  rarely  lost. 

The  surfaces  of  the  liver  were  almost  regularly  covered  by  a  layer 
of  yellowish-white  fibrin  which  caused  the  organ  to  adhere  closely  to 
the  diaphragm,  and  the  various  lobes  to  one  another.  On  removing 
this  exudate  the  liver  substance  was  seen  to  be  irregiilarly  studded 
with  yellowish-white,  roundish  areas  which  stood  out  prominently 
in  the  dark  chocolate  coloring  of  the  relatively  normal  tissue.  These 
areas  varied  in  size  from  0.25-0.3  mm.  and  at  times  protruded 
above  the  general  level.  On  section  of  the  organ  it  was  found  that 
the  contents  of  these  foci  consisted  of  a  cheesy  material.  There  was 
no  definite  zone  of  inflammation  surrounding  them,  b\it  at  times  a 
delicate  grayish  capsule  more  resistant  to  invasion  could  be  seen 
limiting  the  larger  abscesses.  The  relatively  mialtered  liver  tissue 
was  softer  and  much  more  friable  than  normal  and  the  lobulations 
could  be  made  out  with  difficulty.  The  gall-bladder  was  unaffected 
and  usually  contained  a  dark  green-colored  bile. 

Abscesses  were  absent  in  the  spleen  and  the  organ  was  enlarged, 
brown-red  in  color,  soft  and  friable,  and  more  or  less  sheathed  in 
exudate  which  caused  it  to  adhere  to  the  intestines  or  costal  wall. 
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One  rare  lesion  was  that  of  thrombosis  of  a  splenic  vessel  caus- 
ing infarction  of  the  whole  spleen,  which  then  was  pale  red-browTi 
or  salmon  color,  enlarged,  firm,  and  on  section,  of  a  homogeneous  and 
dry  appearance. 

In  two  instances  the  adrenal  glands  were  enlarged  and  pale  and 
oedematous  looking.  On  section,  they  showed  an  almost  homogeneous 
structure  and  were  quite  moist;  no  pigmentary  layer  could  be  dis- 
cerned. 

In  Rabbit  Ko.  Ill  the  duodenum  contained  an  abscess  Avithin  its 
walls  about  5  mm.  in  diameter.  Kabbit  j^o.  IV  showed  many  small 
opaque  white  areas  in  the  walls  of  the  appendix  and  in  the  small  gut. 

In  one  case  (Rabbit  No.  Ill)  the  stomach  contained  within  its 
walls  towards  the  pyloric  end  an  abscess  measuring  0.5  cm.  in 
diameter. 

The  pleural  and  pericardial  cavities  usually  contained  a  vei'y  little 
clear  fluid. 

The  muscle  of  the  heart  was  pale.  In  one  case  only  (Rabbit  No. 
II)  was  any  gross  lesion  noted,  and  in  this  there  occurred  in  the  walls 
of  the  left  ventricle  and  septum  ventriculonnn  a  numlier  of  small, 
opaque-white  foci  measuring  0.25  to  1  mm.  in  diameter. 

In  only  one  animal  (Rabbit  No.  II)  were  any  foci  of  necrosis 
found  in  the  brain.  This  animal  showed  in  both  lobes  of  brain 
several  round  opaque-white  areas  measuring  about  2.5  mm.  in 
diameter. 

Subcutaneous  inoculation  of  a  rabbit  was  followed  in  two  days 
by  inflammation  of  an  exudative  character.  Examination  on  the 
fourth  day  showed  a  tumor  beneath  the  skin  averaging  2.5  cm.  in 
extent.  The  tumor  felt  tense  and  was  slightly  yielding,  and  the 
skin  over  it  was  reddened.  The  animal  gradually  lost  flesh  but  had 
a  good  appetite,  and  the  tumor  slowly  increased  in  volume  and  lie- 
came  firm  until  upon  the  18th  day  it  discharged  a  considerable  j^art  of 
its  contents  through  the  skin  having  become  ulcerated.  The  exuded 
material  was  very  thick,  its  color  a  yellowish-white  and  without  foul 
oilor.      Cultures  made  from  this  material  were  neijative,  and  cover- 
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slips  showed  nothing  amongst  the  debris  which  could  be  said  to  be 
organisms.  The  abscess  continued  to  discharge  and  more  skin  over 
the  upper  portions  sloughed  off,  leaving  a  raw  surface  3x4  cm. 
which  scabbed  over,  whilst  the  lower  part  of  the  tumor  remained 
prominent  and  unaltered.  The  animal  grew  more  emaciated  and 
weak,  the  scab  became  detached,  and  upon  the  30th  day  the  animal 
was  found  dead.  The  autopsy  showed  the  existence  of  a  granulating 
wound  corresponding  to  the  slough  mentioned.  In  the  axillary 
region  were  two  round  masses  the  size  of  hazel-nuts  of  a  somewhat 
lobulated  character,  rubber-like  consistence  and  covered  by  a  thin 
capsule  of  fibrous  tissue.  The  contents  were  yellowish-white  and  of 
the  consistence  of  stiff  putty.  There  were  no  signs  of  peritonitis; 
the  spleen  was  not  enlarged,  but  was  dark  red  in  color  and  of  soft 
consistence.  The  liver  showed  a  few  small  coccidial  nodules,  its 
color  was  slightly  dai'ker  than  usual  and  its  consistence  reduced. 
Everywhere  throughout  the  organ  were  seen  very  many  small  opaque 
whitish  areas,  the  largest  being  about  1  mm.  in  diameter;  cover- 
slips  from  these  areas  showed  no  bacteria. 

Cultures  from  the  liver  and  spleen  yielded  B.  proteus  vulgaris 
and  from  the  caseous  subcutaneous  nodule  and  spleen  a  diplococcns ; 
none  of  the  typical  bacilli  were  found.  These  organisms  found  must 
probably  be  regarded  as  secondary  invaders,  having  possibly  entered 
through  the  skin  lesion. 

Guinea-pigs  are  somewhat  less  susceptible  to  inoculation  with  the 
bacillus.  One  of  these  animals  lived  49  days  and  showed,  at  autopsy, 
chronic  peritoneal  adhesions  consisting  of  firm  bands  of  fibrous  tissue 
which  united  most  of  the  viscera.  A  second  animal  showed  necrotic 
lesions  of  the  lungs.  The  usual  lesions  met  with  in  rabbits  were  also 
encountered  in  guinea-pigs. 

The  effect  upon  mice  was  imperfectly  studied.  One  mouse  was 
given  a  subcutaneous  injection  of  the  organism  and  survived  11  days. 
The  only  lesion  discovered  at  autopsy  was  an  abscess  at  the  site  of 
inoculation  containing  yellow-white  cheesy  material.  Strange'  to 
say,  this  animal,  of  all  inoculated  in  this  study,  was  the  only  one  in 
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which  the  bacilhis  was  recovered  from  the  general  circulation.  The 
second  mouse  inoculated  succumbed  early  to  a  secondary  infection. 

Pathological  Histology. — The  microscopic  examination  of  the  ex- 
perimental lesions  showed  an  almost  exact  reproduction  of  the  appear- 
ances given  in  the  description  of  the  material  from  the  human  subject ; 
hence  this  description  will  be  confined  to  appearances  which  were 
not  present  in  the  diseased  tissues  of  the  original  case  and  to  such 
which  in  the  animals  were  more  severe  than  were  met  with  in  the 
human  tissue. 

Liver. — ^Rabbit  No.  T,  inoculated  intravenously  with  0.4  cc.  of 
the  pus  from  an  abscess  in  the  liver  of  the  human  cadaver;  dead  in 
17  hours.  The  lesions  are  early  and  entirely  microscopic.  They 
are  confined  to  the  outer  or  middle  zones  of  many  of  the  lobules 
and  consist  of  round,  densely  packed  masses  of  polymorphonuclear 
leucocytes,  among  which  in  rare  instances  can  be  found  minute 
masses  of  bacteria.  The  liver  cells  have  been  utterly  destroyed  where 
these  foci  exist  and  no  trace  of  them  can  be  found.  Contiguous  to 
these  or  even  at  some  distance  from  them  are  irregularly  shaped 
areas  of  hyaline  necrosis  of  liver  cells  which  take  the  eosin  stain 
strongly.  The  nuclei  of  the  hyaline  cells  may  be  entirely  gone  or 
reduced  to  bodies  faintly  staining  with  haematoxylin,  while  the  endo- 
thelial cells  of  the  capillaries  show  in  places  karyorrhexis,  and  may 
even  be  obliterated.  The  hyaline  necroses  are  confined  to  the  outer 
and  middle  zones  of  the  lobules.  Nothing  definite  was  made  out  as 
to  their  origin.  The  hyaline  areas  are  free  from  leucocytic  infiltra- 
tion, excepting  that  which  is  general  throughout  the  blood  capillaries. 

In  the  case  of  the  subcutaneous  inoculation  (Rabbit  No.  V)  the 
lesions  are  conceivably  due  to  toxin  action  alone,  since  no  abscesses 
or  bacterial  foci  could  be  found  any^vhere,  the  disease  being  lim- 
ited for  a  long  period  to  the  subcutaneo^is  tissues  and  axillary  glands 
mily.  The  liver  of  this  animal  shows  coagulative  necrosis  in  wdiich,  in 
some  instances,  the  cells  present  a  filjroid  appearance  and  in  others 
are  shrunken  or  have  disappeared.  In  the  latter  conditions  there  is 
an  accompanying  infiltration  of  phagocytic  cells,  which  themselves 
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occasionally  become  necrotic,  possibly  through  toxin  activity.  Ex- 
ceptionally, such  a  focal  necrosis  is  quite  replaced  by  mononuclear 
leucocytes,  in  which  case  the  picture  recalls  that  of  the  so-called 
hiuphoma  of  the  human  liver  in  typhoid  fever.  Occasionally  a  defi- 
nite ingrowth  of  the  connective  tissue  of  Glisson's  capsule  can  be 
seen  between  some  of  the  lobules,  nipping  off  and  destroying  paren- 
chymatous cells. 

The  most  interesting  materials  for  stud}'  were  derived  froui 
Rabbits  Xo.  Ill  and  Ko.  IV  (see  Table  II").  These  animals  showed 
the  tyjiical  abscesses,  and  in  addition  an  overgro^\"th  of  the  connective 
tissue  cells  of  Glisson's  capsule  which  invaded  the  lobules  and  ulti- 
mately destroyed  them,  as  can  be  noticed  upon  tracing  the  course  of 
events  throughout  the  specimen  as  a  whole.  The  picture  is  very  like 
that  seen  in  intralobular  cirrhosis  in  man,  except  for  the  fact  that 
the  process  here  is  not  so  general  in  its  distribution,  but  is  confined 
largely  to  the  neighborhood  of  the  abscesses.  The  intestinal  lesions 
of  Rabbit  Ko.  IV  were  found  to  be  localized  in  the  lymph  nodes  of 
the  submucosa,  which  had  luidergone  coagulative  necrosis.  Bac- 
teria were  not  found  in  the  intestinal  lesions,  and  it  would  therefore 
appear  as  if  the  process  were  due  to  absorption  of  toxic  prodiicts  from 
the  acutely  inflamed  serosa. 

The  spleen  of  Rabbit  Xo.  II  is  the  seat  of  anaemic  infarction, 
due  to  the  large  and  important  splenic  vessels  having  become  throm- 
bosed. The  spleen  was  also  embedded  in  a  thick  envelope  of 
newly  formed  connective  tissue,  rich  in  blood-vessels,  plasma  cells 
and  in  small  mononuclear  lymphocytes.  In  this  connective  tissue 
sheath  lies  a  vein  of  moderate  size  containing  a  well-developed 
platelet  thrombus  hanging  free  in  the  lumen  and  completely  encir- 
cled with  a  layer  of  endothelium.  To  one  side  of  the  thrombus,  a 
freshly-formed  mass  of  platelets  and  leucocj'tes  anchors  it  to  the 
wall  of  the  vein,  doubtless  the  free-hanging  end  of  tiic  main  mass 
being  further  down  in  the  vessel. 

Rabbit  II  also  presented  some  features  which  were  not  met  with 
either   in   the  human   subject  or   in   any  of  the  otlier  ox]H>riinoiital 
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animals,  namely,  abscess  formation  in  the  cardiac  muscle  and  in  the 
cerebral  hemispheres.  In  the  heart  wall  three  areas  were  discov- 
ered which  showed  some  slight  variation  in  character.  One  pre- 
sented a  relatively  large  central  zone  of  coagulation  necrosis  with 
good  i^reservation  of  the  general  architecture  of  the  muscle  fibers  but 
loss  of  minute  detail  of  structure.  The  middle  zone  consisted  of  a 
narrow  band  which  stains  deeply  in  haematoxylin  and  is  made  up 
largely  of  dense  masses  of  bacteria  and  disrupted  cell  nuclei.  There 
are  very  few  leucocytes  found  in  this  zone.  The  outer  zone,  also 
narrow,  is  made  up  of  muscle  cells  which  have  undergone  hyaline 
degeneration  with  loss  of  their  nuclei,  and  which  are  under  consider- 
alde  pressure  from  the  growing  mass  within.  Beyond  these  zones 
the  muscle  fibers  are  relatively  widely  separated,  possibly  due  to 
local  oedema,  while  the  fixed  connective  cells  are  swollen  and  pro- 
liferating in  places.  The  other  two  foci  are  probably  an  earlier  stage 
than  the  foregoing,  and  only  two  zones  are  present :  an  outer  narrow 
one  of  hyaline  transformation,  and  an  inner  larger  one  of  bacteria, 
degenerated  levicocytes  and  other  cellular  elements,  but  in  which  no 
definite  muscle  structure  is  to  be  seen.  The  small  blood  and  lymph 
vessels  in  the  neighborhood  show  distinct  evidences  of  a  local  leueo- 
cytosis,  although  there  is  no  massing  of  the  cells  in  close  relation  to 
the  destructive  process.  The  leucocytes  are  very  sparingly  and 
evenly  distributed  in  the  area  of  local  oedema. 

The  brain  lesion  is  marked  by  a  most  extensive  coagulation  necro- 
sis, in  which  a  few  polymorphonuclear  leucocytes  can  be  seen  in 
stages  of  disintegration.  Bounding  this  necrotic  focus  is  a  more  or 
less  Complete  zone  of  dense  leucocytic  infiltration,  consisting  chiefly 
(if  polynuclear  cells,  although  some  mononuclear  cells  are  also 
present.  The  lymi)hatic  cliannels  of  the  pia  mater  near  to  the  lesion 
are  crowded  with  white  blood-corpuscles,  while  the  blood-vessels  of 
the  pia  and  surrounding  cerebral  tissue  show  a  greater  number  of 
leucocytes  than  are  uormally  present.  The  bacteria  are  found 
around  the  periphery  of  the  necrotic  zone,  for  the  most  part  in  dense 
agglomerated  masses. 
37 
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Comparison  with  Species  Already  Described. — Aside  from  the 
anaerobic  bacteria  producing  tetanus,  quarter-evil,  botulism,  malig- 
nant oedema  and  emphysematous  gangrene,  with  which  the  organism 
described  in  this  article  clearly  has  little  in  common,  we  shall  turn 
for  comparison  to  the  published  descriptions  of  the  bacteria  con- 
cerned in  the  production  of  gangrene  and  fetid  abscesses  connected 
M'ith  the  genito-urinary  tract,  the  intestinal  tract,  the  middle-ear,  the 
cranial  cavity,  and  other  portions  of  the  body,  to  determine  whether 
Bacillus  mortiferus  is  or  is  not  a  new  species. 

Teillon  and  Zuber  have  described  a  considerable  number  of  bacterial 
species,  which  were  isolated  in  dextrose  agar  after  the  method  of  Liborius 
and  consisted  of  bacilli,  micrococci  and  spirilla.  A  brief  description  of 
the  various  bacillary  species  will  now  be  given. 

Bacillus  ramo»us  (Teillon  and  Zuber)  is  a  small,  slender  bacillus  which 
is  slightly  larger  than  the  bacillus  of  mouse-septicaemia  when  found  in 
the  smears  made  from  the  pus  or  other  exudates;  but  when  examined 
from  cultures  the  bacillus  appears  in  short  chains,  forming  pairs  like  the 
letter  V,  and  in  pseudo-filaments,  and  in  forms  which  show  irregular 
swollen  contours,  resembling  somewhat  Bacillus  diphtheriae.  ^fore- 
over,  according  to  Guillemot,  the  bacillus  is  often  branched.  It  does  not 
form  spores,  is  non-motile,  and  it  stains  irregularly  by  Gram's  method. 
The  optimum  temperature  of  growth  is  37°  C,  and  no  growth  was 
obtained  on  gelatin  at  room  temperature.  On  glucose  agar  the  colonies 
resemble  Streptococcus  pyogenes  but  are  finer  and  more  transparent. 
Sugar-bouillon  becomes  clouded  and  exhibits  a  slight  whitish  precipi- 
tate, with  a  varying  amount  of  gas  production.  A  fetid  odor  is  given 
off  by  all  cultures.  Growth  takes  place  vigorously  in  liydrogen  and  the 
bacillus  lives  about  one  month  in  cultures.  Tlie  bacillus  is  pathogenic 
for  the  mouse,  rabbit  and  guinea-pig  upon  subcutaneous  inocuhilion, 
following  which,  well-defined  abscesses  occur  hading  to  the  deatli  of 
the  animals  from  cachexia  in  about  a  week,  and  after  intravenous 
injection  of  the  rabbit  an  intoxication  only  results,  no  lesions  having 
been  found  anywhere  in  the  body. 

Bacillus  fragilis  (Veillon  and  Zuber). — This  organism  is  juuch  smaller 
tban  the  preceding.  It  is,  as  a  rule,  straight,  but  occasionally  is  curved. 
The  ends  are  rounded,  and  sometimes,  on  account  of  the  center  taking 
the  stains  less  deeply  than  the  poles,  it  resembles  a  diplocoecus.  In  pus 
it  is  often  diflicidt  to  find  because  the  debris  takes  the  stain  alons:  witli 
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the  bacillus;  it  does  not  stain  by  Gram's  method  and  no  spores  are 
formed,  although  certain  swollen  short  forms  of  the  organism  may  be 
mistaken  for  them.  The  organism  grows  in  both  agar  and  gelatin  at 
room  temperature  and  does  not  liquefy  the  gelatin.  The  optimum  of 
growth,  however,  is  that  of  the  thermostat.  In  sugar  broth  the  growth 
is  relatively  abundant  and  no  gas  is  formed ;  but  in  glucose  agar  a  small 
amount  of  gas  becomes  evident,  although  it  is  insulficient  to  break  up 
the  jelly.  Its  odor  is  fetid.  Duration  of  life  in  cultures  is  variable; 
occasionally  it  lives  for  25  days.  The  bacillus  is  pathogenic  when  inocu- 
lated subeutaneously  in  guinea-pigs,  causing  abscesses  which  produce 
death  in  about  eight  days.  It  is  much  more  pathogenic  for  rabbits, 
causing  large  abscesses  which  slough  through  the  skin,  the  animals  dying 
in  seven  or  eight  days.  Inocidated  in  the  veins,  these  animals  die  from 
a  cachexia  and  the  bacilli  are  not  recoverable  in  cultures. 

Bacillus  fusiformis  (A^eillon  and  Zuber).  As  seen  in  pus  this  bacillus 
is  a  fusiform  rod  with  pointed  ends,  occurring  often  in  pairs.  In  cul- 
tures it  preserves  largely  these  characteristics,  and  in  addition  elongated, 
swollen  and  granular  involution  forms  appear.  The  bacillus  is  non- 
motile,  stains  poorly  with  the  ordinary  dyes  and  not  at  all  by  Gram's 
method.  It  grows  at  room  and  body  temperatures.  Gelatin  is  not  lique- 
fied; very  little  foul  gas  is  formed;  broth  is  rapidly  and  strongly 
clouded ;  the  colonies  on  agar  resemble  those  of  B.  coli  only  they  are 
more  transparent.  The  viability  lasts  only  four  or  five  days.  The 
bacillus  is  pathogenic  for  the  rabbit  and  the  gvdnea-pig,  causing  upon 
subcutaneous  inoculation  small  abscesses  without  producing  death. 

Bacillus  furcosus  (Yeillon  and  Zuber). — A  very  small  bacillus  of  pecu- 
liar shape,  dividing  at  one  end  into  two  branches  like  the  Greek  letter  y. 
In  cultures  the  rods  are  longer  and  the  ends  of  the  branches  become 
swollen  into  round  or  pyriform  shaped  bodies.  The  bacillus  is  non- 
motile,  stains  well  with  the  usual  dyes  but  not  by  Gram's  method,  does 
not  grow  at  room  temperature,  and  requires  three  or  four  days  to  produce 
visible  growth  at  37°  C.  The  colonies  on  the  surface  of  agar  resemble 
those  of  the  pneumococcus.  In  broth  the  bacillus  forms  a  fine  precipi- 
tate and  some  gas,  which  has  a  sour  and  fetid  odor.  The  organism  lives 
in  cultures  about  twenty  days.  It  is  pathogenic  for  guinea-pigs,  pro- 
ducing abscesses  upon  subcutaneoiis  inoculation,  without  as  a  rule  caus- 
ing death.  Occasionally  they  die  after  the  lapse  of  several  weeks  from 
cachexia. 

Bacillus  serpens  (Yeillon  and  Zuber). — Somewhat  larger  than  Bacil- 
lus fragilis ;  it  stains  with  the  ordinary  dyes,  at  times  the  center  staining 
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less  readily  than  the  ends,  whereby  an  apijearance  of  spores  is  given. 
In  fact,  spores  are  not  formed.  The  bacillus  decolorizes  by  Gram's 
method  of  staining.  It  grows  in  the  various  culture  media,  but  not 
invariably,  as  pairs,  pseudo-filaments,  and  short  chains.  It  has,  accord- 
ing to  Guillemot,  an  undulatory  or  serpentine  motion  in  gelatin  cultures, 
wliich  it  renders  fluid.  The  optimum  temperature  for  growth  is  St"  C, 
but  it  slowly  multiplies  at  room  temperature.  The  colonies  on  the  sur- 
face of  glucose  agar  resemble  those  of  the  pneumococcus.  Sugar  broth 
is  rapidly  clouded  and  a  heavy  whitish  precipitate  forms  at  the  bottom 
of  the  tube,  leaving  the  medium  clear.  In  a  liquefied  gelatin  stab  ciil- 
ture  the  deposit  of  a  white  flocculent  sediment  takes  place,  leaving  the 
fluid  clear.  Fetid  gas  is  formed  in  small  amount  in  gelatin  and  agar. 
Viability  extends  to  twenty  or  twenty-five  days.  The  bacillus  is  less 
Ijathogenic  for  mice,  rabbits  and  guinea-pigs  than  Bacillus  ramosus. 

Bacillus  funduliformis  (Halle). — This  bacillus  was  foimd  in  the  vagina 
in  normal  and  pathological  conditions,  and  in  other  localities.  It  is 
a  small,  usually  curved  rod  with  rounded  ends.  Cultures  often  show 
pleomorphic  forms  appearing  as  large  swollen  rods,  curved  tortuous 
branching  filaments  or  ball-like  masses.  In  exudates  the  bacillus  occurs 
chiefly  within  the  pus  cells  as  masses  or  as  disseminated  organisms.  It 
does  not  stain  readily  with  the  ordinary  dyes,  and  decolorizes  by  Gram's 
method  of  staining.  Its  optimum  growth  is  at  37°  C,  at  which  tem- 
jjerature  about  six  days  are  required  for  it  to  become  very  noticeable. 
It  forms  gas  in  siigar  media  which  has  a  very  fetid  odor.  Wlien  grown 
in  broth  in  a  vacuum  it  clouds  the  medium  slightly  at  the  end  of  the  third 
da3',  but  by  the  tenth  day  the  bouillon  becomes  almost  clear.  The  odor 
is  quite  foul.  Babbits  are  insusceptible,  wliile  subcutaneous  inocula- 
tion of  guinea-pigs  gives  rise  to  abscesses  which  at  times  become  gan- 
grenous; introduced  into  the  peritoneal  cavity  of  guinea-pigs  no  action 
is  noticeable,  and  in  no  ease  did  any  of  the  animals  succumb. 

Bacillus  nehulosis  (Halle). — A  small  bacillus  resembling  the  bacillus 
of  mouse-septicaemia.  Usually  straight,  it  curves  occasionally  or  appears 
as  a  rod  swollen  at  the  center  and  tapering  at  the  extremities.  It  de- 
colorizes by  Gram's  method,  is  asporogenous,  and  shows  no  involution 
forms.  Growth  at  37°  C.  is  slow  and  no  growth  is  obtained  at  room  tem- 
perature. Xo  gas  is  formed  in  sugar  media.  It  is  inconstant  in  its 
pathogenic  properties,  as  it  produces  abscesses  in  rabbits  and  guinea-pigs 
occasionally.     It  caused  the  death  of  one  rabbit. 

Bacillus  caducus  (Halle). — Incompletely  studied.  A  small  bacillus 
which  stains  deeply  by  Gram's  method  and  exliil)its  no  pleomorpliisni. 
It  survives  in  cultures  three  or  four  days. 
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Bacillus  radUformis  (Eist  and  Guillemot). — An  organism  closely  re- 
lated to  Bacillus  serpens  in  all  its  characters;  possibly  identical. 

Bacillus  thetoides  (Eist  and  Gnillemot). — Closely  related  to  or  iden- 
tical with  Bacillus  funduliformis. 

Unnamed  species. — According  to  Eist,  Veillon  and  Zid:)er  previously 
described  two  bacilli  under  the  heads  of  species  "A"  and  "  C."  The 
former  is  a  long,  slender,  poorly-staining.  Gram-negative  bacillus.  It 
does  not  grow  in  gelatin  at  room  temperature,  but  grows  in  bouillon  at 
37°  C.  without  clouding,  forming  small  flocculi  and  giving  off  a  fetid 
odor.  It  forms  no  gas  in  any  of  the  sugar  media.  Injected  into  guinea- 
pigs  and  rabbits  subcutaneously  it  forms  small  abscesses  but  does  not  kill. 

Species  "  C  "  is  a  non-motile  bacillus  resembling  the  bacillus  of  chicken 
cholera.  It  appears  not  to  grow  in  chains,  but  in  sugar  agar  long  and 
filamentous  forms  with  round  or  fusiform  swellings  are  noticeable. 
Boiiillon  is  not  clouded,  growth  occurring  in  small  fiocculent  masses 
which  collect  at  the  bottom  of  the  tube.  All  cultures  have  a  fetid  odor 
siiggesting  decaying  cauliflower.  The  bacillus  is  destroyed  by  moist 
heat  in  one  hour  at  53°  C.  The  pathogenic  properties  of  the  bacillus 
are  manifested  upon  subcutaneous  inoculation  of  mice,  guinea-pigs  and 
rabbits  by  the  formation  of  abscesses  which  have  a  fetid  smell.  Mice 
and  guinea-pigs  survive  the  inoculations,  but  a  rabbit  succumbed  after 
severe  reaction.  The  bacilli  were  recovered  from  the  local  lesions  and, 
in  the  rabbit,  from  the  heart's  blood..  Eist  encountered  both  these  species 
and  thinks  that  the  latter  organism  may  be  identical  with  Bacillus  fundul- 
iformis of  Halle. 

Guillemot  partially  describes  another  species  which,  being  as  yet  incom- 
pletely studied,  he  terms  species  "  A."  It  is  a  small  rod  about  the  size  of 
Bacillus  ramosus  but  slightly  shorter  and  in  cultures  is  distinguished 
by  forming  chains.  At  the  center  of  the  units  of  a  chain  one  finds  a 
swelling  of  a  round  or  fusiform  shape,  which  is  not  of  the  nature  of  a 
spore.  The  surface  colonies  on  glucose  agar  are  like  those  of  the  pneu- 
mococcus.  Bouillon  is  not  clouded,  but  forms  flocculi  which  settle  at 
the  bottom  of  the  tube. 

Cottet,  in  addition  to  finding  many  of  the  foregoing  bacilli,  describes 
three  more  which  he  believes  to  be  new.  They  have  not  been  named  by 
him  and  are,  in  consequence,  designated  by  the  letters  B,  C  and  D. 
Bacillus  "  B  "  is  described  as  being  rectilinear,  sliglitly  swollen  in  the 
middle,  tapering  at  the  ends,  occurring  occasionally  in  chains  of  six  to 
twenty  units,  and  rarely  in  filaments.  It  is  non-motile  and  decolorizes 
by  Gram's  method.     It  does  not  grow  in  gelatin  at  room  temperature. 
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'No  mention  is  made  regarding  gas  production.  Cultures  survive  six 
weeks.  The  organism  is  pathogenic  for  guinea-pigs,  in  which  upon  sub- 
cutaneous inoculation  it  produces  abscesses.  Bacillus  "  C  "  is  a  regidar, 
slender  strepto-bacillus.  the  chains  of  wliich  consist  of  10  to  15  units. 
The  bacillus  is  non-motile  and  stains  bv  Gram"s  method.  A  complete 
study  of  the  bacillus  was  prevented  Ijy  its  having  died  early  in  cultures. 
Bacillus  '•  D  ''  is  a  moderately  sized,  non-motile  bacillus  with  rounded 
ends,  staining  poorly  with  ordinary  dyes  and  decolorizing  by  Gram's 
method.  It  survived  in  mixed  cultures  for  a  long  time,  but  not  having 
been  obtained  pure,  it  was  not  completely  investigated. 

.\.  comparison  of  the  above  series  of  bacilli  with  the  species  described 
in  this  paper,  as  Bacillus  mortiferus,  leaves  no  doubt  of  the  fact  that 
the  latter  organism  differs  widely  from  them  all.  Among  the 
striking  differences  are  the  extremely  selective  character  of  Bacil- 
lus mortiferus,  which  requires  a  medium  for  its  growth  containing 
human  blood  or  serum,  its  more  energetic  gas  production,  and  its 
greater  and  peculiar  pathogenic  qualities. 

Summari/. — From  a  case  of  hepatic  abscess  in  man  a  strictly 
anaerobic  bacillus  was  obtained  in  pure  culture  which  is  not  to  be 
identified  with  any  species  of  pathogenic  bacillus  hitherto  descrilterl. 
This  bacillus  is  closely  adapted  to  the  human  organism  but  it  is  not 
wholly  limited  to  gro\vth  upon  or  within  that  organism,  since  it 
exhibits  a  well-marked  and  strikingly  peculiar  action  upon  certain 
laboratory  animals.  There  would  seem  to  be  justification  for  the 
erection,  in  the  case  of  this  bacillus,  of  a  new  pathogenic  species 
which  I  propose  to  call  Bacillus  mortiferus. 

EXPLANATION  OF  PLATES. 
Plate  XLII. 
Fig.  1.     Drawing  of  a  section  of  the  human  liver,  showing  diHerent  stages  of  the 
necrotic  process.     Natural  size. 

Plate  XLIII. 
Fig.  3.     Central  necrosis  of  a  lobule  in  the  human  liver.     The  d-irk  portions  around 
the  periphery  of  tlje  necrotic  area  are  bacteria.        >   7.5. 

Plate  XLIV. 

Fig.  3.  A  portion  of  the  liver  of  Rabbit  No.  lii,  showing,  (a)  necrotic  material, 
(b)  formation  of  dense  fibrous  tissue,  (c)  lobules  more  or  less  involved  by  invading 
fibrous  tissue  arising  from  Ulisson's  capsule.        x  20. 

Fio.  4.     Smear  preparation  of  Bacillus  Mortiferus. 
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